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PREFACE. 


THE  geologist  has  an  anxious  part  to  play  with  reference 
to  practical  questions.  lie  is  instituted  more  as  a 
concession  to  wliat  seems  hut  a  risinijf  fasliion,  than  from  any 
faith  in  his  knowledge  or  any  understanding  of  his  functions ; 
and  thus  it  happens  that  he  is  not  consulted  wben  his  opinion 
might  be  t>f  great  service,  or,  on  the  other  hand,  he  is  called 
upon  to  perform  what  is  quite  out  of  liis  line  of  business, 
or  twitted  for  not  having  done  what  it  would  ho  unwise  to 
attempt  unless  under  special  circumstances,  and  impossible 
to  undertake  without  special  apphanccs  that  were  not  at  his 
disposal.  As  no  one  is  more  aware  than  himself  that  the 
best,  if  not  the  only,  warrant  for  his  existence  is  his  useful- 
ness, such  circumstances  are  very  distressing.  The  martyr's 
hope  is  sometimes  his  only  consolation — that  there  is  siu'ely  a 
hetter  time  about  to  dawn,  when  knowledge  will  prevail 
among  the  people. 

The  geological  survey  of  India  had  its  origin  in  the  desire 
of  Government  to  have  the  coal-fields  of  this  country 
systematically  investigated,  and  the  work  of  the  survey  was 
for  some  time  wholly  devoted  to  this  task.  It  ^'as  only  after 
the  principal  coal-fields  had  been  mapped  and  described,  or 
were  well  in  hand,  that  the  general  examination  of  the 
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geology  of  India  was  taken  up,  an  increase  to  the  staff  having 
been  sanctioned  for  the  purpose.  We  were  thus  able  within 
a  reasonable  time  to  prepare  a  general  geological  sketch  map 
of  ncai'ly  the  whole  of  India,  a  descriptive  account  of  which 
is  given  in  the  two  first  parts  of  this  Manual,  published  in 
1879.  A  corresponding  summary  of  the  mineral  i*esources 
of  India  was,  of  coiu^e,  part  of  the  design  for  that  work ; 
but  as  the  least  attractive  part  of  the  performance  it  was 
postponed  under  various  pretexts  more  or  less  justifiable. 

Dissatisfaction  with  the  best  account  that  could  be  given 
was  a  chief  cause  of  reluctance.  What  real  information 
we  possessed  was  already  pubhshcd  in  greater  fulness  than 
could  be  rendered  in  a  summary  for  the  whole  of  so  great  an 
area ;  and  that  information  related  almost  entirely  to  coal 
and  iron ;  for  the  rest  there  were  in  most  cases  only  dry 
facts,  insufficient  for  any  safe  practical  judgment.  I  cannot 
now  explain  why,  in  the  nature  of  the  things,  this  contrast 
obtains — why  the  naturally  exposed  evidence  of  vcili  deposits 
(from  which  most  metals  are  derived)  is  very  much  less 
satisfactory  than  in  the  case  of  stratified  deposits,  but  so  it 
is  :  without  more  or  less  extensive  surface  dealings  or  trial 
sinking  it  is  seldom  possible  to  give  an  opim'on  worth  having 
on  a  mineral  lode.  It  has  very  rarely  (and  with  sufficient 
reason)  been  the  desire  of  Government  to  undertake  this 
preliminary  mining  or  *  prospecting' ;  and  there  are  as  yet  no 
mining  operations  in  this  country  from  which  it  would  bo 
possible  to  Icam  something  of  the  habits  of  mineral  deposits 
in  our  Indian  rocks,  the  indigenous  workings  which  were 
once  active  having  long  since  been  abandoned.  Except  in 
the  case  of  the  precious  metals,  the  mere  fact  of  former 
workings  covering  a  large  extent  of  ground  gives  vcr)"  little 
security  as  to  the  strength  of  the  ore,  for  it  is  certain  that 
with  his  snmll  *  plant  *  and  low  demands  the  native  can 
derive  profit  when  larger  works  would  fail. 
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Thus  it  happens  that  the  information  ayailable  regarding 
metalliferous  deposits  in  India  (iron  excepted)  is  defective 
in  respect  of  their  probable  value,  although  the  dry  facta 
of  the  occurrence  of  ores  in  many  places  are  abundant 
enough.  A  complete  collection  of  those  isolated  observa- 
tions involved  long  and  patient  search  through  many  papers 
published  and  unpublished.  This  task  has  now  been  very 
thoroughly  accomplished  by  Mr.  Ball :  in  this  3rd  Part  of 
the  Manual  of  the  Geology  of  India  he  has  colligated  all  the 
scattered  information  in  groups  of  subjects  and  of  districts, 
indicating  the  relations  to  what  is  known  of  the  geology  of 
the  country.  The  student  as  well  as  the  man  of  enterprise 
will  long  owe  him  gratitude  for  the  great  store  of  facts  thus 
brought  within  easy  reference. 

H.  B.  MEDLICOTT, 

Superintendent, 
Oeological  Sw^oey  of  India. 
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IluKs  **  %ft9  wmdtriftomnjf  numerous  ffimt  n>/  all  aortt  of  mrttiU,  for  tt  eitmta*in  imi^i  ff«i4 
o»d  filter  and  eopprr  and  tron  >h  t$o  imall  '/MaN/i/^.  aitd  even  Urn  tutd  ctk^r  metatt 
trAirA  arr  emplotfed  >n  making  mrtteitM  of  t»#*  and  omam^nt  at  tnfl  mt  fV  imptrmrutt 
und  aceomtrtinenlM  of  tmr." 

The  above  is  a  description  of  ludia  as  it  was  known  in  Ua*  timt?  tif 
Megastbenes  ^  or  nearly  «'iOO  years  B.  C.  To  maoy  it  may  appear  that  it 
was  a  fanciful  and  fabulonp  India,  very  difTerent  from  the  country  a«  it  xa 
LOW  known  to  «s.  To  such  the  facts  get  forth  in  this  work  not  only  aa 
to  the  extent  of  the  mineral  ^e»oarc«s,  but  also  as  to  the  extent  of  tho 
ft&cient  mining  operutiom*,  will  come  alnuMJii  as  u  revelation. 

The  habit  of  epeaking  contemptuoufily  of  the  mineral  depoaita  of  the 
country  having  grown  uj)  so  strongly  the  queftion  of  the  vaUie  of  parti- 
cidar  deposits  is  now  far  too  oft-en  unfavourably  preju<lgt*d.  8|x«aking 
generally,  the  value  of  the  majority  of  the  depotiita  ih  relative  to  external 
circumstances.  Were  India  wholly  isolated  from  the  rest  of  the  world, 
or  were  her  mineral  pnKbictions  pro(oct<*d  fnmi  competition,  there  cannot 
be  the  least  doubt  that  she  would  be  able,  from  within  her  own  boundancp, 
to  supply  very  nearly  afl  the  requirements,  in  so  far  m  the  mineral  w«>rld 
is  concerned,  of  a  highly  civilised  community.  But  the  consumer  tvould 
probably  have  to  pay  more  than  he  does  at  the  present  day. 

Many  of  the  dejtosits  uf  metallic  ores  are  und<«ubt(rdly  poor  from  the 
j>oint  of  view  of  the  Karo{)ean  miner,  MtiU  the  Native  miner  and  Kmelter« 
by  an  enormous  amount  of  very  hard  work,  were  enabled  to  produce  the 
metals  which  they  sold  at  very  high  prices ;  but  the  production  jwrr  man 
waa  80  amall  that  these  artixaus  muuuged  only  to  secure  for  themselves  a 
scanty  stjbsistence.  As  foreign  competition  has  eiuiblttl  the  mcRihant  to 
scW  the  metaljt  at  the  very  miucit  at  a  lower  price,  the  trades  of  the 
indigenous  miner  and  smelter  have  been,  aa  regards  those  who  worked  all 
the  metals,  except  iron,  almost  c<  M  '  '\  crushed  out  of  existence.  In 
tlic  introductory  remarks  to  the  C'ii   i  u  Iron,  it  will  be  seen  that  that 

particular  industry  has  also  become  extinct  throughout  large  tracts  of 
India,  and  that  in  the  remainder  it  is  only  kept  alive  by  a  hard  struggle, 

*  Ancii»u(  hi<ii»,  b>  J.  W.  UcChiulUr,  M.A.,  p-  31. 
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As  English  lead  and  English  copper  have  undersold  the  indigenous 
metals  at  their  places  of  production^  so  English  iron  has  supplanted  native 
iron  in  many  parts  of  the  country  and  hids  f air^  provided  an  easily  mallea- 
ble iron  can  be  sold  at  a  cheap  rate,  to  do  so  in  all. 

Casual  readers  of  this  volume  might  perhaps  pass  over  the  tables  given 
in  the  appendices  were  their  attention  not  specially  directed  to  them.  That 
the  facts  they  contain  are  of  the  highest  importance  in  connection  with 
the  question  of  the  development  of  the  indigenous  mineral  resources  of 
India  will  be  apparent  from  the  following  abstract  statement  of  the  value 
and  amount  of  imports  for  the  official  year  1879-80 : — 

Quantity.  Vsloe. 

Precious  stones  (indading  pearls)    .  ...  16,62,799 

Coal,  coke  and  patent  fuel'  6,08,700  tons  1,17,40,716 

Fetrolenm 78,88,247  gals.  48.19,079 

Sulphnr 13,319  cwt.  81,290 

Arsenic 800  „  6,266 

Mercnry 6,31,393  lbs.  6,88,436 

Gold  (indading  coin) 2,06,03,929 

Silver       „            , 9,60,60,019 

Copper     „           „          .        .        .  3,86,173  cwt.  1,62,01,647 

Brass 10,279  „  6,38,484 

Lead 73,480  „  .  10,62.968 

Zinc 1,27,138  „  14,43,699 

Tin 20,840  „  9,88,469 

Iron" 21,11,166  „  1,22,93,847 

Lime  and  Chalk       ....  43,739  „  19,294 

Salt 3,62,238  tonii  76,26,321 

Saltpetre 3  cwt.  49 

Borax      .        .                ...  34  „  923 
Building  stones,  millstones,  grind- 
stones, Ac 17,423  „  93,414 

Total  17,66,09,427 


Or  in  sterling  at  par 


£17,660,942.14 


An  attempt  has  been  made  in  the  following  pages  to  gather  up  the 
almost  forgotten  and  nearly  lost  shreds  of  information  regarding  the 
mineral  deposits  of  India  as  they  were  known  in  early  times,  and  to 
interweave  them  with  the  facts  acquired  in  recent  years,  so  producing  a 
united  and  continuous  whole. 


>  Taken  from  Appendix  B,  includes  imports  by  Government. 

'  ExclusiTe  of  imports  by  Government  which  are  apparently  not  yet  pnhlitlied. 


By  the  light  of  modem  knowledge  it  is  possible  to  read  many  allu- 
sions as  to  the  existence  of  mineral  pixKlactions  in  India,  which  were 
hitherto  obscure.  It  will  be  shown  thnt  India  has  not  only  producod 
gold  since  the  very  earliest  times  of  xvhich  there  ia  any  record^  but  tb*t 
there  were  al&o^  in  all  probabilityi  mines  from  which  silver  was  obtained 
in  some  qanutity. 

Hitherto  mining  for  metallic  ores  by  Bntiith  companiea  ha«  niit  Wn 
■Doeenfal  in  this  country,  though  coal  and  snlt^mining  and  th'  wg 

of  Iwdlding  materials  have  Ixeen   onrried  on  either  by  the  Gov.  or 

by  private  com[>anie9  witb^  in  many  caaes,  very  great  profit.  It  would 
■eem,  however,  that,  '  '      '  '  ,  there  is  a  new  era  about  to 

commence,  and  that  .  ,  m,  not  only  as  a  gold-pro(iuc> 

ing  country,  but  also  in  reference  to  other  metals,  will  in  the  course  of 
the  next  few  years  l>e  for  the  (ir«t  time  fairly  tested. 

Looking  over  the  scattered  records  of  the  early  disooverie*  of 
minerals  in  India  since  the  British  occupation,  one  cannot  bnt  be  struck 
with  the  evidence  they  afford  that  history  r^eats  itself.    ~  us,  «y, 

of  gold,  copper  and  lead  oi>es  or  coal  were  found  often  in  i:  mstanoe 

by  natives.  Samples  forwarded  by  district  officials  to  Oovemmeot 
were  assayed  and  gave  rise  to  a  more  or  less  voluminous  correspondence. 
Where  the  district  otlicials  were  much  interested  in  the  discovery,  umall 
grants  of  money  were  oocasionally  made  in  order  to  test  the  value  of 
the  deposits.  Theee  grants  were  in  not  a  few  cn^es  expended  in  grubbing 
and  rooting  away  at  the  outcrop  of  the  mineral,  as  though  the  dehberato 
intention  hud  been  to  remove  every  trace  of  it,  and  thus  it  bos  hapf>ened 
that  when  such  localities  have  been  visited  by  professional  oxjierts 
nothing  but  a  heap  of  debris  remained  to  bear  testimony  to  the  fact 
of  money  having  l>cen  spent.  For  the  removal  of  the  debris  neither 
funds  nor  time  might  be  available,  but  in  some  cases  the  same  deposits 
have  more  than  once  been  thus  treated^  the  memory  of  former  o|>cra- 
tious  having  passed  away,  and  on  each  occasion  a  new  discovery  has  been 
announced. 

One  of  the  objects  of  this  work  is  to  rescue  from  the  oblivion  in  which 
they  have  long  l)ecn  enveloped  and  trace  historically  the  early  notices  of 
such  discoveries.  Some  of  them  are  to  be  found  in  old  manuscripts,  others 
in  papers  publifehed  in  various  journals  which  arc  not  now — and  some  of 
them  never  werc^-eaisy  of  access  to  by  the  Indian  public,  llie  volumes 
which  have  l>een  consulted  in  this  search  amount  to  many  hundreds,  and  no 
puns  have  been  Bpart*il  to  extract  from  each  paper  as  much  of  the  inform- 
ation of  value  which  it  contains  as  is  consistent  with  a  due  regard  for 
brevity.     The  full  references  to  theee  sources  of  information  which  are 
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given  in  an  appendix  will  enable  those  who  may  be  interested  In  any  pnr- 
ticalar  deposit  to  have  recourse  to  the  originals,  should  they  desire  further 
details  than  it  is  possible  to  include  in  a  pr^cig* 

Tbere  may  be  important  deposits  of  metalliferous  orea  which  have  not 
yet  come  to  light;  in  fact  that  this  is  so  is  certain  to  he  the  case,  but  that 
mere  superficial  exploration,  without  aid  from  artiHcial  cuttings  for 
canals  or  railways  or  from  the  laying  bare  of  natural  sections  by  land- 
slips, will  add  many  completely  new  localities  to  those  where  such  de- 
posits are  known  to  occur,  is  less  probable  than  might  be  supposed,  and 
for  this  reason  ;  the  Indian  peasantry  are  observant  and  curious  about  these 
matters,  and  in  most  cases  where  it  has  been  possible  for  them  to  make 
anything  out  of  such  deposits  they  have  done  80  in  a  small  way.  From 
time  immemorial,  too,  the  country  has  been  traversed  over  by  peripatetic 
metallurgists,  the  workers  in  iron,  and  through  their  agency  deposits  have 
been  brought  to  light,  the  knowledge  of  which  has  become  public  pro- 
perty through  the  agency  of  district  officials  ;  of  course  as  to  the  actual 
extent  of  such  deposits  where  they  have  not  been  vidtcd  or  reported  on 
by  experts,  our  knowledge,  even  as  regards  the  mere  superficial  appear- 
ances, is  in  many  cases  very  defective,  while,  regarding  the  majority  of 
the  others,  we  simply  have  no  information  as  the  result  of  actual  work- 
ings. 

Insensate  attacks  are  sometimes  made  against  the  small  body  of 
officers  which  constitutes  the  Geological  Survey  of  India  for  not  having 
brought  to  light  the  presence  of  minerals  which  are  sometimes  claimed 
to  be  discovered  by  others.  It  is  perhaps  not  too  much  to  say  that  a 
majority  of  such  discoveries  turn  out  to  be  delusions.  Even  were  it 
not  80,  it  is  impossible  for  Indian  geologists,  who  in  their  season's 
work  traverse  enormous  areas,  to  go  over  every  inch  of  ground.  And 
this  fact,  moreover,  should  be  borne  in  mind,  that  the  natives,  in  many 
parts  of  India,  arc  unwilling  to  disclose  the  mineral  resources  of  their 
country  to  strangers,  and,  in  some  cases,  they  actually  take  steps  to 
prevent  their  discovery,  as  will  be  illustrated  in  the  course  of  the  fol- 
lowing pages. 

That  residents  for  months  and  years  in  a  neighbourhood  to  which  a 
geobgist  hoe  only  been  able  to  devote,  perhaps,  a  day  or  two  should 
make  discoveries  would  not  be  surprising,  but  it  is  Bur[>nsing  that  such 
discoveries  are  not  more  common.  It  is  competent  for  geologists  to 
demonstrate  the  possibility  of  certain  minerals  occurring  in  certain  tracts, 
and  the  utt4»r  futility  of  searching  for  others  in  areas  where  the  geolo- 
gical formation  precludes  the  i>oesibility  of  their  occurwnoe. 

That  the  records  of  the  Geological  Survey,  and  the  information  avail- 
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Me  regarding  the  mineral  deposita  of  this  vast  country,  arc  even  mora 
extensive  than  could  have  l>een  expected  under  the  circumstances  will,  it 
is  believed,  be  admitted  by  all  candid  readers  of  this  volume.  For  those 
who  declaim,  without  first  referring  to  the  available  sources  of  informa^ 
tion,  no  specific  can  be  offered — they  are  past  treatment.  It  is  hoped 
that  those  who  havo  opportunities,  and  are  otherwise  competent  to  do 
80,  will  contribute  to  the  general  store  of  information  ;  and  this  volnmo 
will,  it  is  believed,  suffice  to  show  both  what  is  already  known,  and  the 
points  which  need  further  investigation.  If  it  should  succeed  in  eliciting 
facts  in  the  same  manner  as  several  manuals  on  other  branches  of  natural 
science  in  India  have  done,  it  will  have  fulfilled  one  main  object  which 
the  author  has  kept  steadily  in  view. 

Even  with  increased  information  it  may  be  pofsible  hereafter  to 
issue  a  very  much  condensed  edition  of  thi«  work,  but  at  present  it 
seemed  to  be  desirable  to  place  within  the  reach  of  the  residents  of  every 
district  in  India  as  full  a  digest  as  possible  of  what  is  recorded  regarding 
their  respective  areas.  At  the  present  stage  of  our  knowledge,  where 
BO  little  has  been  done  by  actual  mining  oi)eration»i,  we  are  not  in  a  posi- 
tion to  adopt  a  strictly  censorial  style,  and  reject  as  utterly  worthless  of 
mention  deposits  at  localities  where  only  mere  traces  of  ore  are  known 
to  exist.  It  appears,  therefore,  to  bo  a  far  safer  and  more  useful  plan 
to  state  exactly  what  has  been  recorded,  leaving  it  to  possible  future 
exploration  to  determine  doubtful  questions  as  to  value. 

Owing  to  the  extent  of  the  matter  it  has  been  thought  to  be  br.^t 
not  to  introduce  extraneous,  though  really  often  both  iuteresting  and  im 
portant,  subjects,  such  as  comparisons  with  the  modo  of  occurrence  of 
similar  minerals  in  other  countries;  nor  has  much  space  been  devoted  to 
subjects  which  can  be  found  fully  discussed  in  ordinary  manuals  ol' 
Mineralogy. 

In  order  to  avail  of  this  work  most  effectually,  the  reader  should  bear 
in  mind  that  there  is  a  double  system  of  arrangement,— «  vertical  one 
by  subjects,  and  a  horizontal  one  by  districts.  A  glance  at  the  first 
part  of  the  index  will  show  in  what  districts  of  India  a  particuUr  mineral 
is  to  be  found,  or,  on  the  other  hand,  the  Ecccnid  piirt  will  show  what 
are  the  mineral  prcMluctions  of  any  particular  district. 

The  maps  are  not  so  numerous  as  was  originally  intended  ;  bat  in 
dealing  with  such  large  areas  there  are  great  difficulties  m  the  prepara- 
tion of  maps  of  sufficient  size  to  be  useful.  Those  of  the  prindpal 
diamond-bearing  areas  will,  it  is  thought,  have  a  special  interest  as  they 
faave  never  before  been  published  on  the  same  scales.  The  map  of  the 
Wynaod   has   not   been   very   successful;    it   was  hoped  when   it   wm 
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eommonced  that  information  bnDjjing"  it  up  to  date  would  be  forthcoTn-* 
lag,  but  it  had  not  been  received  at  the  time  of  going  to  press  The  map 
of  the  coal-fields,  though  merely  an  index  to  the  larger-scale  maps  of  the 
separate  fields  which  have  been  publinhed  by  the  Geological  Survey,  can- 
not fail  to  prove  useful  with  reFerenco  to  the  alignment  of  new  lines  of 
railway  through  the  country.  The  General  map  of  India  is  included  for 
the  convenience  of  those  who  are  not  well  acquainted  with  the  relative 
IK)sitions  of  the  different  provinces  into  which  India  is  subdivided. 

The  plates  have  been  taken  from  photographs  and  sketches,  and  they 
serve  to  illustrate  some  of  the  native  methods  of  mining  and  metallurgy 
which  are  destined  to  become  extinct. 

At  iirst  it  was  intended  in  this  work  to  adopt  a  rigid  sj'stem  of 
transliteration  in  reference  to  native  names,  giving  as  alternatives  some 
of  the  popular  forms  of  writing  them.  This  might  easily  have  been 
done  as  regards  names  of  Hindustani  origin ;  but  as  a  large  number  of 
those  which  are  mentioned  are  derived  from  other  language?,  and  as  in 
many  ca?ies  doubts  arose  as  to  what  the  real  spelling  should  be,  owing  to 
their  being  written  in  so  many  different  ways  by  different  authors,  it  was 
found  impracticable  to  arrive  at  any  uniformity.  Accents  have  been 
altogether  omitted,  as  it  is  now  pretty  evident  that  their  use  will  not  be 
generally  adopted  in  spite  of  the  very  strong  reasons  which  exist  why 
they  should.  In  order,  however,  to  make  up  for  this  deficiency  in  the 
text,  and  to  convey  the  true  form  of  pronunciation  as  far  as  possible, 
accents  have  lieen  used  in  the  index- 
In  conclusion  the  author  can  only  say  that  though  many  weary 
hours  have  been  spent  ia  the  preparation  of  this  large  volume,  it  has 
been  to  him  a  labour  of  love,  and  a  labour  for  which  he  has  for  several 
years  made  preparation,  in  the  belief  that  it  would  one  day  fall  to  his  lot 
to  undertake  the  task ;  he  trusts  therefore  that  it  will  be  found  to  fill 
the  gap  which  was  on  all  sides  admitted  to  exist  in  reference  to  the 
available  information  on  this  im})ortant  stibject. 

While  his  thanks  are  due  to  several  of  his  colleagues  for  the  inform- 
ation which  they  have  afforded  to  him,  upon  subjects  regarding  which  they 
possess  special  knowledge,  to  the  Superintendent  of  the  Survey,  Mr. 
H.  B.  Medlicott,  F.R.S.,  he  owes  a  no  ordinary  amount  of  gratitude  for 
the  unwearied  liberality  with  wliich  his  advice  aud  aid  have  been  given 
throughout  the  work. 
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Page     8  lioe  7,  and  page  6  lino  29,  for  Akhar  read  Akbari. 

^      46  „  13  from  bottom,  for  Biklara  read  Ik>l«lan. 

„      64  „  3,  for  Kajputana  read  Punjab. 

„      72  bottom  lino,  for  are  read  i». 

„     78  „  9  from  bottom, /or  Sahaoori  rertrf  Sahajori. 

„    113  „  1  in  table,  for  H jgrow.pic  read  Hygpfwoopic. 

^    „      „  8  from  bottom,  for  Halntcad  read  IlaUUtl. 

„    116  „  8^  Full  itop  after  "Tcna«M?rim. " 

„   168  „  8  from  bottom,  ybr  C,«  rearf  C,4. 

„    219  „  IS,  imert  M  afUr  tincc, 

311  M  it  for  Malabar  and  rtad  MaulmiUD  and  other  localiticH  in. 


...., ...... .~  ^M««M»  »^/  tiuv  ccMuciu  uukouu  regions,  maice  tneir  appearance  in 

tbe  works  of  the  Greeks  and  Romans ;  but  it  is  in  Sanscrit  literature,  and 
naturally  so,  that  the  first  mention  of  the  actual  localities  is  to  be  found. 
Although  it  is  probably  not  true  that  the  stone  now  known  as  the 
Koh>i-nur  belonged  to  Karna^  the  King  of  Auga,  about  5,00U  years 
ago^  and  afterwards  to  King  Vikramaditya  of  Oujeiu  (56  B.C.)  as  has 
sometimes  been  asserted^  it  is  none  the  less  certain  that  very  ancient 
Sanscrit  works  treat  of  the  diamond  with  considerable  detail.  In  a 
recently  published  work  by  Raja  Sourindro  Mohun  Tagorc,'  will  bo 
found  an  account,  in  four  languages,  of  the  precious  stones  of  India, 

>  RflfeiCDoe  may  be  made  for  diacuMion  of  this  subject  to  Karl  IUltor*s  '  Erdkunda 
Asien,'  Vol.  VI,  p.  848,  and  C.  W.  King's  "  Procious  Stones,  Gems  and  IVrccious  Metals ;" 
BeU  and  Daldy.  London,  1866,  p.  22. 

*  Maui  MaUt  or  a  Treatise  on  Gems :  Calcuttn,  1879. 
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as  clGSoribcd  in  the  'Puranas'  and  other  cIlissic  works  of  the  Hindus. 
Tl»e  accounts  of  tlie  actual  loiiies  given  in  this  work,  derived  from  various 
modern  authorities)  are  not  very  accurate^  and  certainly  not  up  to  date ; 
but  the  work  contains  much  that  is  interesting^  cnnuerumg  the  esteem 
in  which  precious  stones  have  Jwen  held  from  the  carlieyt  times,  toge- 
ther with  details  of  the  respective  properties  attributed  to  them.  For 
our  present  purpose  it  will  be  sufficient  to  (juote  the  list  of  localities 
where  the  diamond  was  said  to  occur,  wth  the  supposed  modern  equiva- 
lents : — 

1.  Haima  (Himalayas). 

2.  Matjinga  (Kistna  and  Qodavari  or  Golconda). 

3.  Sunwhtra  (Sttrat). 

4.  Pannda  (probably  Jncloded  the  Cbutia  KAgpnr  locatiiies). 

5.  Knlinga  (countrie.<i  between  Orissa  and  the  Godavari). 

6.  Koeola  ^tbo  modern  Ajodhya  or  Cerar). 

7.  Veno  Ganga  (the  Weioganga). 

8.  Saubira  (the  tract  between  the  Sarhind  and  Indas  ri?erB). 

From  what  work  this  list  was  taken  is  not  stated,  but  a  similar  one  is 
to  be  found  in  the  Brhat  Sanhita »  which  is  believed  to  have  been  written 
in  the  middle  of  the  sixth  century.  The  mention  of  Halma^  the  diamonds 
from  whence  arc  said  to  have  been  copper-coloured,  may  be  spurious,  but 
is  interesting  in  connection  with  a  reiwrted  discovery  of  diamonds  near 
Simla,  to  which  allusion  will  be  made  on  a  future  page.  The  second 
hx^ality,  Matanga,  subsequently  known  as  Telingana,  included  the  Kistna 
and  Godavari  or  Golconda  localities,  and  possibly  also  some  of  those 
situated  in  districts  further  south,  Marco  Polo  referred  to  the  same 
ivgion  under  the  name  Mutfili  after  a  port  called  Motupallc.*  The 
thinl  locality,  Surat,  was  probably  merely  a  mart  whence  the  stones 
were  shipjied  to  the  west  j  they  are  said  to  have  been  copper-coloured 
also.  From  the  testimony  of  many  writers  it  is  known  that  the  stones 
which  were  exported  were  generally  inferior  to  those  which  were  kept  in 
the  country  for  the  use  of  Rajas  and  Nawabs,  but  possibly  the  Sunit 
stones  were  not  really  diamonds,  but  earnclians.  The  English  travcllcre 
Fitch  and  Newbury  speak  of  Belgaum  as  being  a  mart  for  diamonds  in 
the  year  ISSiJ,^ 

Paunda,  the  fourth  locality,  possibly  included  Sambalpur  as  well  as 
certain  localities  in  Chntia  Nagpur.  If  not,  Sambalpur  was  either  in- 
cladod  in  Kalinga  which  a]>pcars  to  have  cmbraood  the  mouths  of  iho 

'  Trnu»lat(Hl  from  Sanscrit  into  Etigli&b  b;  Dr.  U.  Kcm,  Joor..  (toy.  Ai.  Soc..  Vol.  VII, 
mw  M»rii>«.  187B.  p.  126. 

*  CoIoHci  YnK'*«  '  Marco  Pol<\*  Vol    11,  p.  20&. 

*  ScIccUom  fruiu  Kocords,  Bombay  Uov«rnmctit,  VI |],  p.  7> 
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Mahanadi,  and  the  marie  ou  the  coa«t  to  which  tho  diamondt^  were 
prububly  brought  for  ttale^  or,  possibly,  it  was  in  Saabiiu.  Plolorn<?y*H  ac- 
count of  this  region  will  he  alluded  to  on  a  future  page.  Kosala  in 
identiEed  by  gome  authorities  with  Borar,  by  others  with  Ajudhya ; 
it  is  impossible  to  say  what  place  may  bo  referred  to,  pcrhapn  Panna, 
which,  according  to  some  writers,  was  the  Panassa  of  Pt*)lomey.  The 
seventh  locality,  Vena  Ganga,  is  doubtless  the  Beiragurb  of  the  '*  Ain-i- 
Akbar,"  the  modern  Waimgarh,  which  is  on  a  tributary  of  the  Wein- 
gangn.  The  eighth  locality,  Saubira,  if  it  was  in  the  trai-t  lictween  the 
Surhind  and  Indus,  cannot  be  identified  with  any  known  source  of 
diamonds. 

There  is  one  point  in  refea>nce  to  the  discovery  of  diamonds  about 
which  much  might  be  written,  and  that  is  the  ethnology  of  the 
miners.  In  the  majority  of  cases  they  belong  to  the  ttborigiual  trilK*s, 
and  were  probably  chiefly  of  the  Dravidian  family,  the  trade  being  herc> 
ditary.  There  is  nothing  to  connect  the  earliest  workings  distinctly 
with  Aryan  influence,  in  fact  the  Sambalpur  localities  were  in  the 
country  of  the  Sabaro  or  Savaras,  which  may  perhaps  have  been  the 
Saubira  of  the  above  list.  The  Panna  mines  formerly  were  and  still  are 
worked  chiefly  by  Gonds  or  Kols,  and  the  miners  in  Southern  India, 
though  some  of  them  are  said  to  be  Hindus  and  others  are  simply 
described  as  low  outcastes,  all  probably  came  from  the  same  family.  It 
may  of  course  be  said  in  answer  to  this  that  the  mining  and  washing 
would  naturally  fall  to  the  lot  of  Helot  races,  but  in  some  of  the 
localities  it  is  doubtful  whether  the  Aryans  ever  held  paramount  power. 

On  a  future  page  the  mythical  system  of  diamond -seeking  describtHl 
in  the  travels  of  Sindbad  and  Marco  Polo  and  in  other  works  will  Im? 
alluded  to,  and  an  origin  of  the  fable  suggested. 

It  would  be  useless  to  attempt  to  indicate  the  relative  pcriiwls  of  the 
discoveries  of  diamonds  at  these  several  localities.  Tavernier  is  cer- 
tainly an  untrustworthy  guide,  since,  although  he  states  that  those  at 
Si.iw    '  .<'  the  oldest  in  India,  it  is  oertuin  that  in  his  time  there 

w<*i.  I  rig  of  which  he  knew  nothing.     It  seems  not  improbable 

that  the  mines  of  Panna  may  be  the  most  recent,  but  this  is  doubtful. 

It  has  sometimes  l>een  st^iteil  that  Tavernier  flreit  made  the  Indian 
diamond  &roou»  in  Europe ;  this  is  calculated  to  misloiul,  as  not  only 
does  he  himself  allude  to  an  already  existing  trade,  but  Maa*o  Polo  and 
Fitch  and  Newbury  also  s[)eak  of  it.  Karl  Ritter  suggt'sts,  though  he 
admits  that  there  is  some  doubt  about  it,  that  the  trade  to  the  west  dates 
back  to  the  older  Arabic  and  Pba;nician  times  further  up  to  tho  Solo- 
manic  and  even  to  tho  Egyptiiui  in  the  Mosaic  i>crioil. 
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Before  the  year  1728,  wben  the  first  diamond  mines  in  Brazil  were 
opened  op,  nearly  the  whole  supply  of  the  world  went  from  India,  as 
according-  to  Tnvemier,  the  ruling  monarchs  would  not  permit  of  the 
export  of  any  stones  from  Borneo,  which  was  then  the  only  other 
diamond-producing  country. 

FaBsing  from  more  or  less  vague  speculations  to  actual  facts,  the 
geographical  distribution  of  the  localities  where  diamonds  have  been 
found  first  claims  consideration.  There  are  in  India  three  extensive 
tracts,  widely  separated  from  one  another,  in  which  tlie  diamond  is 
known  to  occur.  Besides  these  principal  tracts  there  are  others,  where, 
although  the  fact  of  the  occurrence  of  diamonds  has  beeu  rccordetl, 
information  in  reference  to  the  circumstances  connected  therewith  is  less 
perfect.  But  with  reg;ird  to  the  three  principal  tracts  it  may  now  be 
fairly  claimed  that  our  knowledge  of  the  geology  of  India  enables  ua 
to  fix  the  limits  with  approximate  accuracy,  within  which  the  diamond- 
bearing  strata  occur,  and  outside  of  which  it  would  Ije  useless  to  look  for 
them.  Moreover,  we  may  venture  perhaps  to  extend  within  those  limits, 
very  considerably,  the  areas  in  which  it  may  reasonably  be  auticii>ated 
that  the  gem  could  be  sought  for  successfully. 

The  most  southern  of  these  tracts,  or  part  of  it,  has  long  borne  » 
familiar  name,  which,  however,  must  be  characterised  as  being  to  a  certaia 
extent  a  misnomer,  Golconda  {Kala-Kandar),  itself,  never  produced  dia- 
monds; it  was  in  fact  merely  the  mart  wiiere  they  were  bought  and  sold. 
The  name  originally  applied  to  the  capital,  now  represented  by  a  de- 
serted fort  in  the  neighbourhood  of  Hyderabad,  was  extended  to  the 
surrounding  district,  and  tieems  to  have  been  used  for  a  time  for  the 
^'hole  kingdom,*  which  was  previously  called  Tclingana  and  included 
many  of  the  diamond  localities.  In  this  way  the  popular  belief  on 
the  subject  arose;  but  Golconda  fort,  it  should  be  remembered,  is  many 
miles  distant  from  the  nearest  of  these.  At  the  present  day  there  is  a 
totally  distinct  tract  of  hilly  country  lying  to  tite  north  of  the  Godavari 
river,  wliich  also  beat's  the  name  Golconda,  and  formed  a  portion  of 
the  ancient  kingdom,  but  it  is  not  now  included  in  the  territories  of  the 
Nizam  of  Hyderabad. 

The  districts  included  iji  this  southern  tract  in  the  Madras  Presi- 
dency, in  which  there  are  or  Imve  l>een  diamond  mines,  are  the  following ; 
Kadapah  or  Cuddapah,  Bellaiy,  Kamul,  Kiittua  and  Godavari. 

*  "  Golcon<la  ii  tbo  moRt  fnrooiu  of  the  tiix  iudc'|)cu(lcHi  Motlcm  kingtloini  which  in 
AD.  1309  roac  on  ihc  cxtinctlou  of  the  To|jrhkk  (Delhi)  djiiutj.  «im1  it  vurvivL-U  till  16HA, 
whan  Auruii^'At'b  lirotiKht  mU  liiUiii  tutilcr  cnr  M't-iilrc." — CVi/>fu/ii  liurton,  Q«<ir.  «/ovr.  **f 
HcifHett  y(/L  lit  Afif  Htftn. 
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Proc(HHHng  northwards  the  next  locality  at  wliioh  mined  or  wasliin^ 
for  diamonds  are  said  to  have  l>cen  situated  vras  at  Bhadraehellnm^  on  the 
Godavnri. 

At  Barhimalli,  in  the  Southern  Mahratta  country, Mr.  Foot<j*  obeenred 
n  pehhle  l>ed  at  the  ha5^  of  the  Bhima  eeries,  which  pnysontcd  a  Btrf»n^ 
resemblatK'e  to  sorae  of  the  diamond •l>6aring  strata  of  tho  lower  Kistna 
Valley.  There  were  numerous  excavations,  hut  ho  could  not  learn  of 
any  local  tradition  attributing  these  to  diantond- seekers.  Althouj^h  it 
has  sometimes  been  8irppoged  that  one  of  Tavern ier'a  diamond  mincsj 
Raolconda,  was  in  this  region,  his  indications  of  its  position  on  being 
analysed  do  not  6U])|K)rt  this  view. 

Still  further  north  we  come  upon  the  second  grreat  tract  which  ooca. 
pies  a  considerable  area  between  the  Mahanadi  and  Oodavari  rivers. 
Althoujjh  diamonds  are  known  but  from  two  neijj^hbourhfVKls  within  it, 
still  from  our  present  knowledge  of  their  geology,  to  which  allusion 
will  presently  be  made,  it  is  not  improbable  that  tho  diamond-bearing 
strata  may  have  a  wide  mnpre.  The  two  neighlKiurboods  referred  to  are 
Sambalpur,  with  the  betl  of  the  MahanaJi  for  many  miles  above  ?t  ?Mt.1 
Waiiagarh  or  Weiragud,  hO  miles  to  the  south-east  of  Nagpur. 

Again,  as  an  outlier  to  this  second  tract,  there  are  two  or  thrw  bn^a- 
lities  within  the  province  of  Chutia  Nagpur,  where  diamonds  ha%-c  bocn 
found. 

The  third  great  tract  is  situated  in  Bundelkhand,  near  one  of  the 
chief  towns  in  which,  Panna,  some  of  the  principal  minea  are  situated ; 
but  there  are  others  scattered  about  in  various  parts  of  that  province  or 
kingdom. 

Some  authorities  make  allu»;ion  to  a  discovery  of  diamonds  in  the 
1>ed  of  the  Ganges  ;  but  this  slat/cmcnt  appears  to  be  unfounded.  In  the 
Burdwan  Division  the  old  Madaran  Sirkar  inclu<led  a  vilhigc  called 
Hiii    *       *  ling  to  the  lal^»  Mr.  Blochmann,  the  *' Ain-i-Akbar  " 

gtjit  -I  diamond   mine  which  produced  small  diumouds. 

This  too  is  probably  due  to  some  mistake.     It  is  not  at  all  likely  that 
leal  diamonds  were  ever  foimd  there. 

Lastly,  about  ten  years  ago,  some  small  diamonds,  stated  to  have 
been  found  in  a  hill  stream  near  Simla,  were  forwarded  by  Sir  E.  C. 
IJayley  t>»  the  Geological  Museum  at  Calcutta. 

Although  in  the  following  pages  a  sketch  of  the  mode  of  occurrence 
of  tlie  diamonds  at  each  locality  will  be  found,  it  will  be  well  p.*rbaps, 
hw  way  of  introduction^  to  give  a  general  account  of  the  formations 
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which  iucliule  the  diam^^nd-henrme'  lieds,  ami  likewise  attempt  to  corre- 
late those  of  the  several  localities  respectively. 

In  Part  I  the  subject  has  already  been  discnssed  at  length,  so  it  i« 
nnneceesary  to  do  more  than  stat^  the  latest  concltisions  as  t-o  (he  rela- 
tions of  the  formations  in  which  the  diamonds  occur.  The  Vindhyan 
rocks  of  Northern  India  are  separated  into  two  formations  or  sete  of 
groups,  distingfuished  as  upper  and  lower.  In  Southern  India,  and 
I>ossibly  also  in  the  Central  Mahanadi-Godavari  tract,  it  is  believed  that 
the  lower  set  of  ^oups  is  alone  represented ;  on  the  southern  rocks  the 
local  title  of  Knrnul  formation  has  been  conferred,  and  the  two  have  been 
eonclated  as  follows  :— - 


NOBTBXBK  IWBIA. 

V'imdhi/an  Formation. 
^  Bhanrer  groap 
Vppnr.   .  )  Rewab        „      {diamond*) 
V  KftimoT       „ 
^Tirhowan  limestone . 
PftlkoA  shales 
Lower.  .  •    DnJchipar  sandstones 

8«inri  Bhalee  and  limestoDS 
^Semri  saDdatone 


Madras. 
Rftmvl  Forma fiom. 


>  Khnndatr  shales  and  liincsUmci. 

.     Pancnm  qnortzitcs. 

Jitaalmad^  tlialcs  and  limestono. 
.    BaiiBgftnptUj  sandHoucfl  {dtamoitds). 


At  Panna,  in  Bundelkhand,  diamonds  are  only  known  certainty  to 
occur  t«  8itu  in  a  conglomerate  which  is  referred  to  the  Rewah  group. 
There  are  however  there,  as  elsewhere,  numerous  workings  in  alluvial 
or  superficial  deposits  j  but  the  greatest  amount  of  labour  is  spent  in 
mining  in  this  the  bottom  bed  of  the  group,  which,  though  it  baa  a 
wide  extension,  has  only  as  yet  been  ascertained  to  be  diamond -bearing 
in  the  neighbourhood  of  Panna  town.  Although  diamonds  have  not  been 
obtained  directly  from  any  lower  group,  it  would  appear  that  this  con- 
glomerate is  largely  made  up  of  pebbles  derived  from  the  lowest  or 
8cmn  sandstone  group,  and  since  it  is  stated  by  the  native  miners, 
according  to  Mr.  MedUcott,'  that  diamonds  are  sometimes  found  in  these 
pebbles  when  broken  up,  it  would  seem  that  the  latter  must  include  an 
earlier  if  not  the  original  matrix  of  the  gem.  This  point  is  of  great 
interest,  since  it  brings  us  to  a  horizon,  the  base  of  the  formation,  which 
is  strictly  comparable  with  that  of  the  Banaganpilly  group,  which  include© 
the  lowest  known  matrix  in  Southern  India. 

The  order  of  succession  of  the  rocks  in  the  Mahanadi-Godavaii  tract 
b;i-  not  yet  been  fully  ascertained  ;  but  from  the  fact  of  the  only  known 
l-.i.iH ties  where  the  diamond  occurs  being  situated  on  the  margins  of 
the  area,  it  may  with  a  considerable  degree  of  probability  be  assumed 
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(noiwit)i8t4in(]in£f  i>«*s^il)ly  futiIt<Hi  i'ninuiariiisjj  that  the  matrix  is  iit  li 
lied  cl<jse  to  tbe  \ni6e  of  the  formation . 

With  regard  to  tlio  minor  areas,  the  Bhndratrhellum  diamonds,  if 
there  be  any  truth  in  th«  stoiy  that  diamonds  were  once  found  thera, 
may  perhaps  have  been  derived  from  some  of  the  Karnul  or  Vindhyatt 
rocks  in  the  neighbourho<id  of  the  Godavari.  The  geology  of  the  Chutia 
Nagpur  localities  is  not  yet  fully  known ;  it  is  posnible  that  in  their 
vicinity  an  outlier  of  the  Mahanadi-Godavari  repre«entativcB  of  the 
Vindhyan  rocka  may  exist. 

The  Simla  diamonds^  if  the  find   be   ;      '  "  Me 

interest,  for  although,  as  has  boon  showu^  <h  /  'i\1 

evidence  sufficient  for  exact  correlation,  still  when  it  is  remembere<l  that 
according  to  some  authorities  the  older  palax>zoic  rocks  of  the  Hima- 
layas present  certain  points  of  rescmljlanco  with  those  of  tlio  Peninsula, 
the  possibility  of  the  matrix  containing  these  diamonds  being  on  a 
horizon  comparable  to  that  in  the  Banaganpilly  group  of  the  Karnul 
(L.  Silurian  ?)  formation  cannot  fail  to  suggest  itself.  As  particulars 
regarding  the  exact  ground  whence  the  diamonds  were  brought  are  not 
available,  it  wouhl  lie  timeless  to  enter  further  here  into  any  account  of 
the  geology  of  the  neighbourhood  of  Simla. 

Some  interesting  remarks »  have  recently  l)een  publishctl  upon  th# 
correlation  of  the  Vin<lliyan  Mcks  of  India,  with  certain  scries  occurring 
in  South  Africa,  to  one  of  which  the  sandjitoues  of  the  Table  Mountain 
belong.  The  possibility  of  the  original  matrix  of  the  Cai>e  diamonds 
therefore  belonging  to  a  perit)d  or  horizon  directly  com  parable  to  (hat 
tvhich  includes  the  Indian  diamonds  is  a  subject  worthy  of  future  inves- 
tigation. It  i9  noteworthy  that  a  rock  very  similar  to  Indian  latorite 
appears  to  occur  in  the  same  parts  of  i\inca,and  that  ourGoi  dwmia  rotrkm 
are  also  represented  in  that  country.  A  comjxirison  of  the  geoh>gy  (*f 
Borneo  with  that  of  India  may  also  prove  productive  of  interesting 
results  in  this  respect. 

The  examination  of  the  diamond-l)earing  strata  of  India  has  n^-L 
resulted,  so  far  as  is  known,  in  throwing  any  definite  light  on  the  yet 
nuflettled  questii>n  as  to  the  conditions  under  which  the  crystallization 
of  carbon  toc»k  place,  thus  forming  the  precious  gem  which  has  f>ccupied 
00  important  a  pf:)sition  in  history.  Light  regawling  the  subject  seems 
deatined  to  reach  us  indeed  from  another  cjuarter,  and  it  is  to  the 
synthetical  operations  of  tbe  laboratory,  which,  it  is  ntHxlU«s  to  point 
out,  have  made  such  groat  advances  in  this  direction  of  late  ycirs, 
especially  in  the  hands  of  Mr.  llannaj,  that  we  must  look  for  the  true 
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explanation.  The  final  result  of  these  operations  will  prohahly,  it  is 
thought,  confinn  Liebig's  view  that  diamond  has  been  formed  by  crys- 
tallization from  a  liquid  hydro-carbon,  the  carlx)n  having  become  concen- 
trated and  purified  by  a  steady  abstraction  of  C.  II.^. 

But  the  absence  of  any  clear  evidence  on  the  subject  may  be  due 
to  the  fact  that  it  is  etill  a  matter  of  doubt  whether  in  any  single 
recorded  case  in  India  a  diamond  has  l>oen  found  in  ita  original  matrix. 
The  lowest  diamond-bearing  stratum,  at  the  base  of  the  Kamul  series^ 
is  itself  a  detrital  conglomerate,  and  it  is  not  unreasonable  to  suppose 
that  the  diamonds  may,  like  the  other  ingredients,  have  l>een  derived 
from  some  older  metamorj^hosed  rocks. 

Mr.  King'  discusses  some  apparent  cases  of  mines  in  the  Kadapah 
series  of  rocks  which  underlies  the  Karnul  series,  but  he  says  there  is 
**  still  a  doubt  as  to  whether  true  rock-workiugs  in  these  beds  were  ever 
successful." 

Captain  Newlwld,  when  referring  to  this  subject,  without  much  diSi« 
culty  disposes  of  Captain  FrankUn's  suggestion  that  the  betls  contain- 
ing the  diamonds  of  Panna  may  have  been  roasted  by  the  ignition 
of  coal  scams,  which  he  believed  underlay  the  diamond-bearing  rocks, 
but  which  really  have  no  existence.  He  then  remarks : — "  It  is  fully 
proved,  I  think,  from  the  experiments  of  Sir  David  Brewster,  that  the 
diamond  has  once  been  in  a  soft  state,  like  amber,  opal,  or  the  tabashir. 
Minute  cavities,  surrounded  by  a  compressed  structure,  analogous  t<» 
tliose  in  the  Laskc  diamond,  are  seen  in  several  specimens  of  the  Indian 
gem  which  liave  been  brought  to  me  by  the  diamond  merchants."  Fie 
appears  to  have  been  disposed  to  favour  the  native  idea  that  the 
diamond  is  reproduced  in  the  Boil,  and  says  that  the  old  miners  told 
him  that  a  term  of  fifteen  or  twenty  years  was  requisite  for  the  repro- 
duction of  the  gem.  They  were  in  this  belief  led  to  rewash  old  tailings, 
and  accounted  for  the  fact  of  the  diamonds  found  in  them  Ix^ing  so 
small  by  saying  that  they  had  not  had  time  to  grow  larger,  Aji  un- 
believer in  this  hypothesis  would  be  inclined  to  suggest  that  the  small- 
ness  of  the  diamonds  accounted  for  their  having  eluded  the  searchere 
in  the  first  washings.  The  same  story  is  alluded  to  by  many  of  the 
other  writers  whose  descriptions  ai'e  quoted  in  this  account.  Some  of 
them  appear  to  have  thought,  with  Newbold,  that  there  was  something 
in  it,  while  others  pointed  out  that  diamonds  in  all  prolmbilit}'  escape 
the  first  examination  in  consequence  of  an  encrustation  which  subse- 
qucnlly  being  broken  up  and  decomposed  by  exposure  to  the  otmosphcre, 
the  gem  became  visible  in  the  later  washings. 

'  M*m„  0.  S.  I.,  Vol  VIII,  p.  Bi. 
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Madras:  Kadapah  (or  Ouddapah)  District. — Witliin  tl>c 
limits  of  the  Kadapah  district  the  princi|)ul  Iwalilies  wliorc  diarnoiuls 
have  been  worked  for  are,  according  to  Mr.  King,  Cunnapurtec  and 
Woblapully  (or  Obalumpally)  near  Clicnnnr,  but  on  opposite  baijUs 
of  the  Pennair  nvor,  and  Lamdur  and  Pinchetgapadu  west  of  Chcnnur. 
The  District  Manual  mentions  also  Godagoonta  or  Jatnalamdugu, 
Ooompur  and  Hussanapur  or  Doopand.  With  reference  to  the  laet  named, 
proposals  were  made  in  1801  by  Colonel  Munro  to  increase  the  num- 
ber of  mines  in  twelve  montlis  to  thirty ;  all  diamonds  of  more  than 
B  pagoda  in  weight  (=16  carats  according  to  Heyne)  were  to  become 
the  property  of  Government  ;  2  J  jiercent.  <»f  tbe  value  of  all  smaller 
ones  was  also  to  be  paid.  Tlie  expense  of  working  the  mince,  it  wm 
calculated,  would  be  He.  24,030  annually.  It  is  Btuknl  that  thirty  yean 
previously  the  miners  paid  Rs.  50,000  annually  to  the  Government. 

In  an  account  of  his  visit  to  Gandicota  Tavcmier  mentions  that  the 
Nawab  had  employed  12,000  men,  for  a  year,  to  scarcli  for  diamonds  in 
this  neighbourhood,  but  all  that  were  found  were  of  guch  bad  quality 
that  the  mines  were  abandoned.  These  mines  collectively  arc  generally 
referred  to  under  the  title  of 

Chennub  OR  Chiuon,  Lat.  U°  34' ;  Long.  78'  51'  SO*.  This  is  a 
village  near  Kadnpah  town,  where  there  are  doaerted  pits,  which  were 
■nnk  in  gravels,  derived  from  the  disintegration  of  the  Danaganpilly 
quartzites,  and  lying  below  the  black  cotton  soil  or  fftfar.  The  mines 
were  leased  for  a  time  by  a  Mr.  Eichjirdson,  of  Madras,  who  applied  to 
the  Collector  of  Kadapah  for  permission  to  work  them  in  18G9,  at  the 
favourable  rent  of  Rs.  100  per  annum.  This  attempt  has  not  been 
attended  with  success/  but  there  are  accounts  of  two  diamonds  having 
formeily  come  out  of  this  field  which  were  eventually  sold,  respectively, 
for  £5,000  and  £3,000.» 

CuNNAPURTEB  appcaTB  to  bc  identical  with  the  Condapcttn  of  Dr. 
Heyne  and  Captain  Newbold;  the  detailed  account  by  the  latter  is  por^ 
haps  of  sufficient  interest  to  be  quoted  in  estenso.     Ho  sayn*:^ 

**At  Condapetta  the  mines  are  generally  of  a  square  form,  and 
from  4  to  12  feet  deep.  The  stratum  cut  through  is  of  cotton  soil, 
mixed  with  small  grains  of  quartz,  generally  from  3  to  10  feet  tfaick^ 
which  rests  imme<liatciy  on  a  bed  of  rolled  stones  of  various  sizes, 
from  that  of  a  paving  stone  to  a  nut,  in  which  the  diamonds  ara  found, 
generally  loose,  but  sometimes  adherent.    The  stones  are  mingled  with 


*  Kiog,  K*conl-.  a.  8.  I.,  Vol.  II,  p.  Oj  nnd  Mem  .  ^.  >,  j  ,  Vul.  VllI,  \>,  200. 
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mud  an<l  gfravel.  The  pehliles  most  commonly  met  with  arefernig-inotis, 
griily,autl  schistose  samlstoues,  sandstone-conglomerates  including  rolled 
pebbles  of  quarte,  chert  and  jasper,  claystone  porphyry,  with  crys- 
tals of  felspar  ;  blue  jasper,  veined  with  oxide  of  ir<m ;  coarse,  red 
jasper  and  quartz  crystals.  Some  of  these  pebbles  have  evidently  Ixjcn 
transported  from  the  adjacent  hills,  but  the  porphyritic  and  felspathic 
pebbles  must  have  travelled  a  much  greater  distance.  Near  the  base  of 
the  hills  the  cotton  soil  is  covered  with  the  red  gritty  earth,  arising  from 
the  disintegration  of  the  sandstone  rock. 

**  Tlie  pnxjess  of  mining  consists  merely  in  digging  out  the  rolled 
pebbles  and  gravel,  and  carrying  them  to  small  stjuarc  reservoirs  raised 
on  mounds  having  their  bottoms  paved  with  stones,  and  washing  them 
carefully.  At  the  foot  of  the  mound  is  a  clear  space  surrounded  by 
heaps  of  refuse,  whore  the  washed  gravel  is  again  carefully  spread  out 
and  examined  in  presence  of  the  diamond  contractors ;  the  diamonds  are 
easily  recognized  in  the  moist  state  by  their  peculiar  lustre.  These 
mines  are  let  out  by  the  Government  to  native  contractors,  who  gave  me 
the  following  information  on  the  spot.  In  1834,  the  mines  proved  pro- 
fitable, but  in  the  following  year  the  miners  lost  a  considerable  sum. 
The  sum  paid  to  Government  by  them  for  the  privilege  of  mining  a 
piece  of  ground  100  yards  long  by  50  broad,  for  four  mouths,  is  lis.  200. 
In  1840,  the  contract  rose  to  about  Rs.  250.  When  a  diamond  of  more 
than  a  gold  pagoda  in  weight  (=52*56  grains  at  Madras)  is  found,  it  is 
sold  by  public  auction,  and  one-third  of  the  proceeds  goes  to  Government, 
the  remainder  to  the  mining  contractor. 

"  Dry  weather  is  selected  to  carry  on  operations  to  avoid  the  incon- 
venience and  expense  of  draining.  In  former  days  all  the  diamonds 
produced  were  carried  for  sale  to  Golconda,  In  those  times  very  largo 
diamonds  were  fo\md,but  subsequent  to  British  ascendancy — which,accord- 
ing  to  the  superstitious  natives,  is  by  no  means  pleasing  to  the  tutelary 
deities  of  tlie  mines — few  of  any  value  have  been  found,  probably  in 
consequence  of  their  being  less  looked  after.  However,  btely,  in  1839, 
a  fine  diamond  of  the  Kshatriya  or  roseate  caste  was  dug  from  the  Oba- 
Inm pally  mine,  exceeding  a  gold  pagoda  in  weight,  which  was  sold  for 
R«.  1,150/' 

Both  Dr.  Heyne  and  Captain  Newbold,  when  describing  their  visits 
to  these  mines,  mention  that  the  natives  objected  to  their  approach- 
ing them  on  horseback,  as  it  would,  they  said,  irritate  Ammawaru  or 
Lakshmi,  the  sanguiuar}'  goddess  of  riches,  who  was  the  patroness  of  the 
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mines.  Newbold  stat^  iliat  bo  witnessed  socrifiocs  wliieh  wcro  mmlc  t^ 
propitiate  bcr.  The  ilifFcrent  pebbles  eon«i(lcrc<l  indicative  of  tbe  proHencc 
of  diamonds  bore  the  following  names  in  Tellegu  :  Trlla  Undu,  dcconii)o«ed 
faomBtoDC ;  Binga  bendu,  tr&nBi>arent  quartz ;  Patcha  hendu,  epidote ;  Gajju 
bendn^  pebbles  with  an  ochrcous  encrustation  ;  Baf^gira,  jasper  of  vftriouM 
colours;  A'ar/a,  basalt;  Yerra  fitmdUf  sandstone;  A'aniia,  small  globular 
ironstone  ;  Korund  or  Corundnm,  this  is  considered  to  be  the  best  sign. 
Besides  those  there  are  many  other  pebbles,  chiefly  varieties  of        '      won, 

WoBLAPrLLY  Ott  Obaix'Mpally,  &c.,  Lat.  14*3VjLong.  .  i5/ 

Under  one  of  the  various  aliases  by  which  this  place  is  known,  it  ia  refer- 
red t«  by  Heyne,^  Voysey,*  Newbold,*  and  King.*  Tlie  first  mentioned 
gives  the  following  account  of  the  mines.  He  says  that  they  were  dis- 
covered about  40  years  before  his  visit,  which  txx)k  place  in  the  year  1795, 
and  that  they  were  the  mojit  rc^cent  in  this  tract.  Tlie  diamonds  which 
were  found  were  flat  or  round,  not  showing  the  crj-^stalline  form,  but  were 
of  superior  lustre  and  hardness  and  better  than  those  found  further  west. 
A  few  days  after  his  visit  one  was  found  weighing  14  carats,  which  waa 
valued  at  <iOO  Madras  pagodas,  or  alH)Ut  £90. 

He  gives  an  elaborate  list  of  the  prices  at  the  mines  of  rough  stones 
free  from  flaws,  &c.  A  stone  of  I  roanjdy  or  %  carats  weight,  if 
belonging  to  the  first  or  Brahmin  class,  was  worth  about  £9,  but  if  of  the 
Sudra  class,  only  half  that  sum — the  other  classes  having  int4)rme<liato 
▼aluea.  A  8t^>ne  of  8  manjely,  or  16  carat*,  if  of  the  Brahmin  claaa 
was  worth  1180,  and  if  of  the  Sudra  £135.  The  lessee  of  ten  mines  in 
this  neighbourhood,  including  Condapetta  and  Obalumpally,  paid  to  the 
Company  130  i>agoda8  (==£57-4-0).  On  all  stones  which  were  found, 
weighing  above  a  pagoda  or  IG  carats,  he  had  to  pay  to  the  Company 
one-third  of  the  value.  From  the  lessee  Dr.  Heyne  understood  that  an 
expenditure  of  2,000  pagodas  yielded  6,000  pagodas,  but  the  businesa 
was  a  lottery  in  which  there  were  blanks  as  well  as  prizes.  Lamdur  and 
Pinchctgapadu,  localities  in  the  taluk  next  to  Chennur  and  which  were 
mentioned  by  Hcyne  and  Newbold,'  the  latter  quoting  from  Hamilton, 
do  not  ap|)car  on  modem  maps. 

Bellary  District.— Munimadaqu,  Lat.  15*  17';  Long.  78'  V  30.' 
In  the  neighlxiurhood  of  Munimadagu,  ItJ  miles  west  by  south  of 
Banaganpilly,  there  is  a  continuation  of  the  diamond-lx^aring  strata, 
which  cover  the  older  Kadapah  rocks  as  with  a  thin  skia.    The  locality 

*  TracU,  p.  B8, 

«  Aj.  Mm.,  Vol.  Xy.  p.  127. 

*  Strnv.,  Ktij.  Aa.  Hixr..  Vol,  VH,  p.  SMI 

<J.8   I  .  Vol.  VIU. 

•s  Juttf.  LiL  ftiiu  sc'u,  Vol.  Ill,  p.  laa 
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is  desenl>al  both  fjy  Mr.  Kin^  and  Captain  NewboKl. '  Tl«e  mines  have 
long  been  desort<?(l,  but  accoi*ding  to  the  last  named  authority,  there  was 
in  his  time  a  colony  of  diamond  polishers  in  the  town.  He  gives  diagrams 
of  the  apparatus  which  they  used  for  polishing,  and  states  that  they  not 
only  cmj)loyod  diamond  dust  for  this  purpose,  but  also  understood  how  to 
avail  of  the  natural  cleavage  of  the  stones.  The  Bellary  District  Manual* 
bns  an  interesting  account  of  these  mines.  Though  there  is  now  no 
systematic  mining,  diamonds  are  still  occasionally  found,  lint  no  revenue 
has  been  raised  on  the  mines  since  1S13.  The  conditions  under  which 
they  were  worked  under  the  Native  Governments  were— 

1.  All  diamonds  weighing  one  pagoda  and  upwards  to  be  the  property 

of  Government; 

2.  On  others  a  royalty  of  two  and  a  half  per  cent,  to  be  paid  to 

Government; 

3.  A  monthly  naszar  of  one  Ma<lras  pagoda  to  bo  paid   for  each 

mine.  About  the  year  1770  half  a  lakh,  or  £5,000,  was  fMiiJ 
under  this  head. 
Many  Guzerat  merchants  settled  here  and  their  descendants  still  reside, 
but  the  ruins  of  wells,  &c.,  are  the  sole  testimony  to  the  former  wealth  and 
importance  of  the  place.  After  the  district  was  ceded,  30  mines  were 
in  operation,  which  between  the  years  1803  and  1833  yielded  an  annual 
average  revenue  of  only  Rs.  8,60U.  Duriug  this  period  only  seven  dia- 
monds weighing  more  than  a  jmgoda  were  found,  and  the  leases  gradually 
expired  and  were  not  renewed.  Mining  was  a  hereditary  trade  followed 
only  by  a  class  of  Balijas  called  Gunekara.  Further  information  is  stated 
to  be  given  in  the  documents  enumerated  below.' 

Wajua  Kaeur,  Lat.  15°  2' ;  Long.  77°  IT  (A.  S.,  5S  &  59).  The 
description  of  Munimadagu  given  above  from  the  BclIary  Manual  appears 
to  be  in  part  applicable  to  mines  at  this  locality  also,  as  both  are  men- 
tioned together.  Captain  Newbold,  in  1836,  records  the  bare  fact  that 
diamonds  were  formerly  found  hero.* 

GuTi  OR  GuTiDBUO,  Lat.  15*  7';  Long.  77"  42'  (A.  S.,  5S).  This 
locality  is  mentioned  by  Heyne  *  as  having  mines  near  it ;  j>ossibly  he 
referroil  to  Munimadagu  and  Wajra  Karur,  as  it  lies  between  them ;  no 
other  authority  alludes  to  it. 

•  Jour.,  Boy.  A*.  8oc..  Vol.  VII,  p.  130  j  wia  M«dfte  Jour.  LJt,  and  Sei.,  Vol.  XI.  p.  48. 
'  Mn.lrM,  1873. 

»  Letter  froio  Cobnol  Monro  ic  the  Ooard,  2it1i  July  1804, ;  No.  748  from  Collrctor  to 
Board.  21tlt  ncveinbir  1814;  And  Ur>ar4l'«  inontlilj  voluia«  for  JlMTch  tfi<J0.  p.  1670. 

•  JUdrns  Jour..  Lit.  and  Sci..  Vul,  III,  p.  131. 

•  Hi^fM't  TnMi«,  p.  04. 
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Kamul  District — Mr.   King  has  gircu  the  followiog  U»t  of  clia> 
luond  localities  iu  tic  Kamul  District : ' 


BumulkoU 

TinwiKK'rnin 

Y      '■ 

•  •  ■mlH.  ^ 

(mh>(I_v|>»ui1 
Ittinnoiir     . 
I>c»iin«>f*r  . 
^Imitntjcoluh 
Uoomurroob 

Tandrapad 

Boiwapoor 


37  tiulcs  S.S.E.  of  KArnuT.     Rock  working*  workoiL    Lit.  lb*  18'. 

30" ;  Long.  7H"  10'  (A.  8,  76). 
18  niiW  W.  bjr  8,   of   Knrnul.     llloirliil  WBcliinir*  workwl.    Rock 

workiDK*  dc«Ttcd.     Lm.  16"  »!';    iMng.  78"  3'  15*  (A.  S.,  W). 
6    miles  K.  S.  E    of  lUinalkoU.     Rook  workiiigv  il  sotUnI.     L»t. 

15"  32'  30";    Lou(?.  7»'  8*  30*  (A.  8.,  58). 

i24  iiiilfg;   S.8.K.  of  Knrnn!.     Rrt«'k  worki«|ri    diwcrud.     (Cft|TUia 
J.  U.  UuMcll  /m/c.)     Ut  15"  3-^;  Lwig.  7l^  14'  It"  <A,  »,  7«). 

)  Nundjcotkoor  tjUiiq.     Doubtful  locaUtls.    (Ckptein  J.  O.  EcmmH 

|{tglit  1>iiiik  of  Toongnbodcm,  E.NX  of  Kamot.    DmttUL 

t«ft  liBxik  of  Toongnbodrs.    DvMrrlvd.    Ui,  16*  49'j   Long.  Iff  W 

(A.  8,  76). 
Left  btiuk  of  Toonf^budn.    AIlavi«l  doMrted.    LaU  58"  61';  Lonfr. 

78^7' (A.  8^  68). 
KallamoUHjff.     Ro«k  workings  and  dllavial  WMhingv  deicrt«d.   Lai. 

15°  25';    Long.  7»'  43'  30*  (A.  8.,  78). 

Banagaupilly,  Lat  lb"  18'  30*;  Long.  78°  16'  (A.  S.,  76).  Tlie 
diamoud  miuos  at  this  locality  have  l>een  visitod  aud  described  by  many 
writ-era.  Heync,'  Ncwbold/  Malculmson,*  and  Vuysoy  *  have  all  left  on 
record  accounts  of  them. 

Mr.  King's  ulreotly  mentioned  report  contains  the  Utcst  and  most 
authentic  account  of  them.  It  will  bo  best  [)erha|)8  to  quoto  from 
it  a  few  passages  verbatim,  at  the  same  time  stating  that  Mr.  King 
refers  those  who  ai*c  likely  to  be  siK?ciully  iuterctstcJ  to  Dr.  Heyne  for 
an  account  of  the  mines  as  they  appeared  when  he  saw  them  in  the 
year  1808. 

Mr.  King  writes  : — 

"Tho  quartKit-05  of  the  Bannganpilly  group  form  a  cap,  rostiug^ 
uneonformably  on  the  denuded  surface  of  a  much  older  set  of  shales  and 
tra()S  with  some  limestone  baitds  .  .  .  Tho  quartzite  covering  is 
from  20  to  80  feet  in  thicknwa,  and  it  is  pierced  here  and  there  over 
tho  Bttnag;inpiily  end  of  tho  hill  by  shafts  of  15  feet  or  less,  from  the 
bottoms  of  which  nearly  horizontal  gallerien  aix»  run  to  get  at  the  seunis 
of  diauiuud  ganguc.     The  caj^ping  is  comjiosed  of  compact  grits  and 

•Mcin,  G.8.  L.Vol.  Vil.  ,    ... 

I  I'racU.  p.  102. 

>  MMdriM  Jour,  ttf  Lit.  niid  S<i.,  Vol.  111.  j..  120. 

*  TintiM.,  (.iiMii.  Hoc.,  Utiid.,  3iul»cnc^  Vvl  V.  |i|i,  5tl  ntid  509. 

•  At.  Uw,.  Vol  IV.  (1.  1^ 
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sandstones  iu  thick isli  beds  above^  ami  somewhat  tliiuner  bedded  towards 
the  bottom. 

"  Externally  the  rocks  are  hard  and  vitreous.  At  the  level  of  the  gal- 
leries there  are  beds  of  coarse  pebhltf  mnglomtraU^  occasionally  a  breccia, 
which  are  sandy  and  clayey,  and  with  these  run  seams  of  more  shaly 
and  clayey  stuff.  There  is  uo  trace  of  the  clayey  constitution  on  the 
outride  along  the  outcrop,  nor  are  there  any  distinct  bands  of  shales ;  there 
are  only  some  sandy  shales  down  at,  or  near,  the  bottom  of  the  series. 

** .  .  .In  the  mines  the  coolies  were  picking  out  a  seam  of  about 
C  or  8  inches  in  thickness,  occurring  with  thicker  and  harder  beds 
of  sandstone,  and  which  they  said  was  the  diamond  layer  j  this  rock 
when  brought  to  light  turned  out  to  be  an  easily  broken-up  damp,  clayey 
conglomerate,  and  partly  brecciated,  of  small  rounded  fragments  and 
pebbles  of  black,  red,  green,  and  pale-coloured  shales  and  cherts,  and  of 
quartzite  with  largo  and  small  grains  of  dirty  and  pellucid  quartz.  This 
was  the  rock  extracted  in  all  the  mines  then  being  worked.  The  gangue 
is  ix)unded  up,  washed,  sifted,  and  laid  out  to  dry  on  prepared  Hoors, 
after  wliich  the  residue  of  clean  sand  is  carefully  examined  in  the  hand, 
by  the  women  and  children  of  the  working  parties,  for  the  precious  gems. 
1  saw  no  diamonds  in  situ,  nor  did  I  see  or  bear  of  any  diamond  being 
fouud  during  my  stay  at  Banaganpilly  for  four  or  five  days  at  a  time. 
Diamonds  were  brought  to  me  which  were  reported  to  have  been  fouud 
in  the  mines;  but  these  were  most  disappointing  on  account  of  their 
minuteness,  flaws,  and  dirty  colours." 

Large  stones  do  not  appear  to  have  been  found  here  :  Captain  Ncwbold 
says  none  of  a  value  exceeding  from  Rs.  300  to  400.  Mr.  King  saw 
one  valued  at  Rs,  350,  but  which  was  said  to  have  come  from  tho 
Bcllnry  district.  Among  the  specimens  which  he  saw,  and  which  had 
regularly  crystalline  forms,  the  most  valuable  was  only  worth  Rs.  10. 
He  was  able  to  trace  the  extension  of  the  diamond-bearing  sti-atmn  for 
several  miles  to  the  west  beyond  the  region  wherein  it  is  worketl. 

The  diamond  mines  of  Buswapur  arc  briefly  descrilnid  by  Captain 
Newlx)ld  iu  a  paper  published  in  the  Journal  of  the  Asiatic  Society  ;"  but 
as  they  were  then  deserted  and  overgrown  with  thick  jungle,  his  account 
need  not  he  reproduced.  The  same  remark  applies  to  all  the  other  loca- 
lities which  are  included  in  the  alx)ve  list,  except  Raninlkota. 

R;»MULKOTA,  Lat.  15'  3V;  Long.  78'  3'  15"  (A.  S.,  58).  Tlie  mines 
near  llamulkota  are  situated  about  19  or  20  miles  south-south- wc«t  of 
Karuul;   they    were  excavated    in    the   quartzitcs  of  the  Uanagaupilly 

'  Vol.  XV,  i»«i,  i».  ;iyo. 
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group.'  When  visited  by  Captain  Newl»old  al»ot»i  the  yoar  1S40«  only 
20  men  were  at  work,  but  during:  the  dry  «t»a»on  600  were  employed. 
In  the  wet  season  operations  were  wholly  suspended  owing  to  the  pita 
becoming  full  of  water.  ITie  contractors  hold  the  niinea  from  the  Nawah 
for  an  annual  payment  of  Rs.  750,  and  sublet  them  to  the  partios  of 
o|)erative8.  The  mines,  though  not  8prea<l  over  so  large  an  area  oa  thoM 
near  Chennur,  were  deeper  and  more  extensive. 

The  diamonds  seen  by  Captain  Newbold  were  of  small  size  and  not 
of  regular  erystidline  form  ;  they  were  of  white,  grey,  yellow,  and  green- 
ish tints.  The  processes  of  mining  and  washing  were  similar  to  those 
practised  at  Bansganpilly.  Labourers  received  only  four  pice,  or  about 
three  halfpence,  and  a  meal  of  rice  per  diem. 

Mr.  King  states  that  there  is  no  rock-mining  carried  on  at  present, 
but  alluviul  washing  is  practised,  the  material  being  dug  from  the  edge 
of  the  alluvial  plain  close  to  the  village.  The  northern  base  of  the  Gunny- 
gall  range  is  covered  with  the  deserted  ruins  of  pits  and  heaps  of  broken 
stones. 

BAOLCONDA.^Tho  identity  of  Raolconda  which  wiw  visited  and  dos- 
eribed  by  Ta vernier  about  the  year  1065  has  long  given  rise  to  much 
speculation.  Tlie  map  of  Jeflferys  published  in  1768,  and  that  of  Rcnnrll 
published  in  1788,  do  insert  Raolconda  in  the  ungle  between  the  Bhinia 
and  Kistna  rivers,  and  the  exact  stages  to  it  mentioned  by  Ta  vernier; 
Intt  it  is  quite  certain  from  the  other  localities  also  given  that  tliosa 
routes  were  taken  from  Tavernier,  and  not  from  an  independent  source. 
Reunell  indeed  says  so  in  his  memoir.  A  much  more  trustworthy  map  is 
one  by  Colonel  Colin  Mackenzie,  dated  17U8,  which  was  largely  founded 
on  actual  surveys,  and  the  original  manuscript  of  which  is  now  in  the 
Surv^or  OeneraVs  OfBoe,  Calcutta;   in  this  Raolconda  does  not  ap{>ear. 

The  writer  of  this  was  recently  led*  to  suggest  that  Kaolconda  might 
be  identical  with  Rawdukonda,  tui  it  seemed  to  fit  best  with  the  distances 
given  by  Tavernier ;  but  the  hyiKitheees  depended  on  the  value  to  bo 
given  to  his  *  league,'  which  in  this  calculation  was  assumwi  tobcccitml  to 
4,1>44{  metres,  and  therefore,  ihc  ffos  of  Tavernier  which  contained  four 
of  these,  was  supposc«l  to  Ik?  equal  to  11*12  miles.  But  as  nn  alternative 
Ramulkota  wns  suggested.  Mr.  King  (»«  epid,)  has  since  clearly  shown, 
by  identifying  Ta  vernier's  stages,  that  Raolconda  mitst  have  been  at  or 
close  to  Ramulkota.  A  necessary  conseqneuce  of  tliis  is  that  Tavcrnicr's 
league  cannot  have  exceeded  2  miles,  and  the  got  was  thei'efore  equal  to  8. 

'  Kiitp.  W.  Mom..G.  8.  I..  Vol.  VIII.  p.  105. 

<  MHilnui  JiMir  of  Lit.  Ami  8ul  ,  Vol.  XI.  |>  i7  ;  uud  Juur.,  Roy.  As.  8oc.,  Vol.  VII.  p.  Ml. 

•  Jour..  A».  Svc..  ««u«nl.  Vol.  L,  lli«l.  \k  30. 
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Tnvcrnier's  tle8c'ri|»tiou  of  llic  mines  at  Raoloouda,  whicb  are  in  all 
pptbability  represented  by  the  old  workings  now  io  bo  seen  near  linmul- 
kota,  is  ns  follows  ;^ 

"  The  strata  eontaining  tbe  diamonds  ranged  from  half  an  inch  to  ao 
inch  in  thiekness,  and  the  gaogue  was  hooked  out  with  iron  rods.  Some 
of  the  stones  were  valued  at  from  two  to  sixteen  thousand  crowns.  The 
steel  wheel  was  used  for  cutting." 

Taveruier  gives  an  account  of  the  polishing  of  the  gems  as  practised 
there.  His  account  of  the  great  security  of  property,  and  system  with 
reference  to  the  sale  of  diamonds,  together  with  the  courtesy  with  which 
be  was  treated,  will  be  read  gcnei-ally  with  interest. 

Kistna  and  Godavari  (Golconda)  Districts.— Proceeding  down 
the  valley  of  the  Kistna  or  Krislma  river  from  west  to  east,  the  loca- 
lities where  diamonds  have  been  worked  for  are  as  follows :  Kollur  (the 
Gani  Cotilour  of  Taveruier),  Wustapilly  or  Oostapully,  Codavetty-Kalhi, 
Atkur,  Barthenypadu,  Partial,  or  Gani  Partial,  Mulely  or  Mullavilly  aud 
Golapilly. 

Further  west,  indeed  at  Damarapad  and  Malawarra,  lat.  16"  35'  3"; 
long.  79**  30',  deserted  mines  exist,  but  there  are  no  published  particulars 
regiu*ding  them,  unless  they  were  the  mines  referred  to  by  Ta vernier  as 
being  situated  beteen  Coulour  and  Raolconda,  and  which  were  closed  by 
ortlcr  of  the  kiug  on  account  of  the  brittle  character  of  the  diamonds 
found  there. 

Kollur,  Lat.  10'  42'  30" ;  Long.  80'  5'  (A.  S.,  75).  The  identity  of 
the  modern  Kollur  with  the  Gani  Coulour  of  Taveruier,  which  is  written 
simply  Gani  by  many  English  authors,  hae  recently  been  discussed  by  the 
writer.  * 

It  is  thought  that  perhaps  it  will  not  be  considered  unsuitable  to 
rei)roduce  this  note,  as  so  much  interest  naturally  attaches  to  the  history 
of  the  Koh-i-nur,  which,  it  is  believed,  was  found  there.  There  being 
no  space  available  iu  this  volume  lor  complete  histories  of  all  the  fauutua 
gems,  the  roiuler  is  referred  to  any  of  the  numerous  works  on  precious 
stones  for  the  well-known  facts  regarding  the  Koh-i-nur  during  the  two 
ecniiiries  before  it  was  taken  to  England. 

The  mineu  at  Gani,  called  also  Coulour  by  the  Persians,  were  situatetl, 
according  to  Taveruier,  seven  days'  journey  castwanls  from  Golconda," 
lu  a  sub^HjUcut  chapter  '  to  that  iu  which  the  above  statement  is  modi! 


'  Jour,,  A»,  Soc,,  Bcnpnl.  Vol.  L.  18fil.  rt.  2.  p.  3L 
»  VojRgt'B.  Litr.  n.Omp.  XV  [,  p.  301,  Wut,  1G77. 
<  Idem,  Cbnp.  XVIII,  p.  316. 
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he   iwMa   some   ilctails   rc^rding  the   n>ute,    Uie     itiucrary   being 
follows : — 

The  modern  equivaleDts  have  1>een  kindly  snpplictl  hy  Mr.  King. 


Oolconda  to  Almaspinde  3J  Gcm.  (?  2i) 

AhnMpindfl  to  Krikm 

Kaper  to  MonteccMjr 

Montecour  to  Nap?lpar 

Kagelpar  to  Eligoda 

EligOiia  to  SanraroTi 

Sftrvaron  to  Mt>]Itui*'rou 

MeUaserou  to  Ponocour i , 

From  Ponocoar  yon  bATtoiily  to  cro«8  the  lirer  to  CouJour 
or  GaoL 


.  ( P=rMoonoogodoo) . 

.      (=N»g00t|MI4l)        . 

(r=8urrawArnini)  . 
.    {=M*il*oberoo)    • 


Total 


Hi  Uo«. 


The  total  of  these  items  amounts  to  14J  ffot,  aitd  in  the  English 
edition  of  the  Travels'  amounts  to  l'>|.  But  it  most  he  ooncluded  that 
both  tublos   contain   misprint*,  since  Tavernior  expressly  «ay»  that  the 

'distance  was  13jyo«,  or  55  French  leagues,  th*'yrM  l>eiug equal  to  4  leiigues. 
Taking  this  league  to  he  equal  to  4,4^^  metres,  its  value  exprc6sed  in 
English  miles  would  be  2'78,  and  ther<?fore  the^o*  (i'TS  x  4)  would  be 
equal  to  11' 12  English  mil«»,  or  rather  less  than  the  modern  Indian 
stage  distance  of  six  cois,  or  about  \%  miles.     Fn)m  other  consider.! 

itions,  however,  it  seems  that  this  is  too  high  a  value  for  the  league;  as 
Tavernier  used  it,  it  was  in  fact  only  about  1  miles  and  the  ffoi  equalled 
therefore  8  miles  and  is  doubtless  the  same  as  the  pow  of  Heyne.*     The 

^distance  of  Coulour  from  Golconda  was  therefore,  by  the  route  taken  by 
Tavernier,  110  miles. 

On  the  south  bank  of  the  Kistna  west  of  Chintapilly,  in  lat.  16* 
4i'  30"  northj  and  long.  bO*  6'  east,  there  is  a  diamond  locality,  which 
on  an  old  engraved  map,  that  by  Thomas  Jcfferys  (London,  178S),  is 
called  KaUir  or  Gani.  Thijs,  it  may  be  thought,  would  finally  settle 
the  question  ;  but  as  has  been  said  in  reference  to  Raolconda,  both  thia 
autiiority  and  Rcnnell  evidently  took  their  information  from  Tavernier^ 
and  not  from  independent  sources. 

Fortunately  a  manuscript  map  by  Colonel  Colin  Mackenzie,  of  the 
Nizam's  dominions,  which  is  dated  1798,  indicates  this  locality  as  Coulour 


»  Ixjtjd..  l«8i»  Part  II,  Book  11,  p.  143. 

'  BoyiM  (TnkcU,   p.  9i)  tneaUoai  tht  gif  &•  »  term  In  om  In  bu  tim«   (l7<i'>V 
VBi,  ha  ujiw  aqtMU  to  8  mllaii. 
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and  marks  it  as  a  diamond  mine.  Partial  is  written  separattljf  in  lU 
proper  place  as  Gani-Purtialj  and  so  also  is  a  well-known  intermediate 
locality  at  Istapully,  and  both  are  marked  as  having  diamond  mines. 
Still  further,  a  route  given  by  Tavernier  between  Golconda  and  Masuli- 
patam  via  Coulour  completely  confirms  this  view.  On  the  whole  we  aro 
bound  to  conclude  therefore  that  Tavernier's  Gani  Coulour  was  not 
identical  with  Gani  Partial,  the  modem  Partial,  but  with  the  modern 
KoUur  as  it  is  wi-itten  on  the  atlas  sheet,  No.  75.  So  far  as  can  be  gathered 
from  that  map,  its  surroundings  are  not  inconsistent  with  Tavernier's 
description.  He  says  the  mine  is  close  to  a  large  town  on  the  same  river, 
i.tf.,  the  Kistna,  which  he  crossed  on  the  road  to  Raolconda,  and  that  a 
league  and  a  half  from  the  town  there  are  high  mountains  which  are  in 
the  form  of  a  cross.  In  the  intervening  plain  the  search  for  diamonds 
was  earned  on.  The  locality  too,  it  may  be  added,  is  in  the  middle  of 
presumably  diamond^bearing  rocks. 

Now,  as  regards  this  word  Gani  there  is  still  a  remark  to  be  made. 
Its  recurrence  in  the  titles  of  two  mines,  which  have  been  shown  to  be 
distinct,  suggests  that  it  was  not  a  proper  name,  and  that  in  fact  it  really 
xueant  '  mine  of '  being  only  a  corruption  of  A'ah-i.*  We  know  that 
the  letters  g  and  k  arc  interchangeable  in  some  Indian  languages,  and 
therefore  no  particular  effort  is  required  to  accept  the  view  that  Gani 
Coulour  meant  simply  the  mine  of  Coulour,  i.e.,  the  modem  Kollor ; 
Bo  that  to  speak  of  the  mine  of  Gani  as  is  often  done  is  meaningless 
tautology. 

The  following  account  by  Taveraiera  shows  the  former  extent  of 
diamond-mining  operations  at  this  locality : — 

"  It  is  not  above  a  hundred  years  since  this  mine  was  discovered  by 
%  countryman,  who  digging  in  a  piece  of  ground  to  sow  millet  found 
therein  a  pointed  stone  tliat  weighed  above  twenty-live  carats.  He,  not 
knowing  what  the  stone  was,  but  seeing  it  glisten,  carried  it  to  Golconda, 
where,  as  it  happened  well  for  him,  be  mot  with  one  that  traded  in 
diamonds.  The  merchant,  informing  himself  of  tlie  place  where  the 
stone  was  found,  admired  to  see  a  jewel  of  that  bigness,  not  having  seen 
before  one  that  weighed  above  ten  or  twelve  carats.  However,  his  report 
made  a  great  noise  in  the  country,  insomuch  that  the  moneyed  men  in  the 
town  set  themselves  to  work,  and  causing  the  ground  to  be  searched 
they  found  and  still  do  find  bigger  stones  and  in  greater  quantity  than  in 
»ny  other  mine,  for  they  found  a  great  nnmber  of  stones  from  ten  to 


*  r«^  *  Pui\)iib  M»nti&ctura0,*  p.  107. 

«  TraTeK  KnglUb  EdiUou,  10^  IVt  11.  Book  11,  p.  187. 
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forty  c&rais,  and  sometimes  bigger,  among  the  rest  that   large  eton« 
that  weighed  900  caraU,  which  Mirimgjjla  presented  to  Anrongzcb. 

"  The  first  time  I  was  at  the  mine  there  wcro  al>ont  60,000  pertoiM 
at  work — men,  women,  and  cliiUmn,  the  men  being  employed  to  dig« 
the  women  and  oliildren  to  carry  the  earth. 

"  After  the  miners  have  pitched  upon  tbc  place  where  they  intend  to 
work,  they  level  another  place  close  by,  of  the  same  extent,  or  else  a 
little  bigger,  which  they  enclose  witb  a  vail  about  2  feet  high.  In 
the  bottom  of*  that  little  wjill,  at  tbe  distance  of  every  %  feet,  they 
make  small  holes  to  let  in  the  water,  which  they  stop  np  afterwards  till 
they  come  to  drain  ont  the  water  again«  llie  place  being  prepared  the 
people  that  are  to  work  meet  all  together,  men,  women,  and  children, 
with  the  workraaster  in  the  company  of  his  friends  and  relatione.  Thoa 
he  brings  along  with  him  some  little  image  of  the  god  that  they  adore.** 

After  describing  the  worship  of  this  and  a  feast  of  rice,  he  continues  :— 

"  When  the  feast  is  over  the  men  fall  to  digging,  tlio  women  and 
4^Udren  to  carry  earth  to  the  plac«  prepared  in  the  manner  I  have  already 
described.  They  dig  10,  11,  and  sometimes  li  feet  deep,  bat  when  they 
come  to  any  water  they  leave  off. 

"  All  the  earth  being  carried  into  the  place  before  mentioned,  the  men, 
women,  and  children  throw  tbe  water  which  is  in  the  drains  npon  the 
earth,  letting  it  soak  for  two  or  three  days  accordirjg  to  the  hanlnctta  of 
it,  till  it  comes  to  be  a  kind  of  batter,  then  they  0[>en  the  holes  in  the 
wall  to  let  out  the  water  and  throw  on  more  wat-er  t^till  till  all  the  mud 
be  waiibed  away  and  nothing  loft  but  the  sand,  aft^^r  that  they  dry  it 
in  the  sim,  then  they  winnow  the  sand  in  little  winnows  aa  we  winnow 
our  com. 

'  .  .  .  The  earth  lieing  thns  winnowed,  they  spread  it  with  a  kind 
of  rake,  as  thin  as  they  possibly  can  ;  then  with  a  wooden  iuMtrunient, 
like  a  pavioor's  rammer,  about  half  a  foot  wide  at  the  bottom,  they 
pound  the  earth  from  one  end  to  the  other  two  or  three  times  over. 
After  that  tbey  winnow  it  again  and  then,  spreading  it  at  one  end  of  the 
van  for  fear  of  losing  any  of  the  earth,  they  look  for  the  diamonds. 
Formerly  they  were  wont  to  ])ound  the  earth  with  great  Bintstonos 
instead  of  wooden  rnnuners,  wbich  made  great  flaws  in  the  diamond**,  and 
IB,  therefore,  now  left  off," 


Identity  of  the  Great  Mo/;ul  Diamond  with  (he  Koh-Unur, 

As  the  identity  of  the  Great  Mogul  or  Kollur  diamond  1ms  l>een  th© 
jriSiject  of  much  controversy,  the  following  note  ij  inserted  here  sinco 
it  properly  oom&s  under  the  head  of  Gani*Coulour  or  Kollur.    Tuvernier 
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states  that  uui  ijij  it  \>ui  iuauv  otber  large  atoiiL's  were  prcxlucetl  tliere, 
and  he  adds  that  in  Lis  time  tbr  miners  ptil)  contiiiufd  to  find  large 
stones  in  the  same  mines. 

Tavernier  having  gone  i  .  i  <  leave  of  the  Great  Mo^ul  (Aurcngzeb) 
on  the  Ist  of  November  l*it».'».  ua^  invited  to  return  on  the  following" 
morning  to  see  the  Emperor's  jewels.  He  Says :  *  "  Tlie  first  o>»ject 
which  Akel  Khan  (the  custodian  of  the  je\vel8)  put  in  my  hands  was 
the  j^reat  diamond,  which  is  a  rose,  round,  very  convex  {Aau(c)  on  one 
side ;  at  tlie  edge  of  one  side  there  is  a  small  notch  {cran)  with  a  flaw 
in  it.  The  wB/ter  is  perfection  and  it  wei^^lis  3194  rtttii,  which  are 
ei]ual  to  il'^O  cf  our  ciirats,  the  rati  being-  seven-eighths  of  a  carat. 
When  Mirirngola,  who  betrayed  the  king  of  Golcoudaj  his  master^  made 
a  gift  of  this  E^toue  to  Shah  Jahau,  from  whom  it  is  descended,  it  was 
uncut  and  weighed  9U0  ratis,  which  are  equal  to  787 i  carats,  and  it  had 
many  flaws.  If  this  stone  had  been  in  £uro{)0  it  would  have  been 
differently  treated,  for  some  good  i>ieces  would  have  been  taken  from  it 
and  the  stone  left  much  larger ;  as  it  is,  it  had  been  almost  polished 
away.  It  was  Sieur  Hortensio  Borgio,  a  Venetian,  who  cut  it,  for 
which  he  was  badly  paid,  lliey  reproached  him  with  having  sjyoilt 
the  stone,  which  ought  to  have  remained  heavier,  and  instead  of  paying 
him,  the  Emperor  made  him  pay  a  fine  of  Rs.  10,000,  ^  and  would  have 
taken  still  more  if  he  bad  possessed  it.  I|  Hortensio  had  known 
his  work  better  he  might  have  taken  some  good  pieces  off  without  doing 
injury  to  the  king,  and  without  having  expended  so  much  trouble  in 
polishing  it,  but  he  was  not  a  very  accomplished  diamond- cutter." 

It  is  believed  by  some  authorities  that  very  largo  pieces,  namely,  the 
Orlofl"  diamond  and  a  stone  now  in  Persia,  were  as  a  matter  of  fact  cleaved 
off  from  the  original  Great  Mogul.  Certainly  cleavage  had  as  much  to 
do  with  the  shape  of  the  Koh-i-nur  as  polishing. 

In  the  chapter  on  hts  visit  to  the  mines  at  Coulonr,'  ho  says,  as  quoted 
above,  that  the  Great  Mogul  diamond  was  foiind  there.  If  this  be  true, 
and  also  that  the  mine  was  only  discovered  about  100  yeai's  before  his 
visit,  which  took  place  between  theyciirs  1665  and  1609,  then  this  diamond 
cannot  have  the  great  antiquity  claimed  for  it  by  some  writers,  as  bus 
been  alluded  to  on  page  ]. 

Tavernier's  third  mention  of  it,  which  is  accompanied  by  a  figure,  is  as 
follows :  "  This  diamond  belongs  to  the  Great  Mogul  who  did  me  the 
honour  to  show  it  to  me  with  all  hk  other  jewels ;  one  sees  the  form 

»  Voy»ire«,  Vol.  11,  LWre.  2,  |..  24©.     Pttrii  iUl.  1677. 

>  Even  tht«  itoin  i»  vvniMuSj  aUUvl  by  coiif^iiUm  who  •**m  io  luro  been  IIm  cfrtti*  of 
ttOOlt  of  tbo  COU/uftiOU  tLat  Cli»t>  about  tlic  wiiiflit^    <if.,  of  this  liUtoHirMl  irmi. 
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which  it  reoeivetl  on  Ueiiig  cut.  Ou  ray  \mhg  pennittwl  to  weij?h  it  I 
hiive  found  its  weight  to  be  319 J  ra/hf  which  is  2^9^  ofvmr  faruts.  In 
it«  rough  stite  it  weighe<1,  as  I  have  siiid,  9ii7  n/i^i*,  which  arc  793|8j 
carats.     The  stone  haiS  the  same  form  ajs  if  one  cut  an  egg  in  two." 

He  gives  us  therefore  two  different  accounta  of  its  weight  in  the 
rough,  f*00  ratif  or  78?  J  carats  and  907  rati^  or  793t^  carats.  It  is 
obvious  that  there  is  a  mistake,  as  the  two  do  not  agree  in  any  resjK-ct; 
even  the  equivalent  vahies  calculated  at  1  ra(i  =  ^  of  a  carat  xhould  be 
787^  and  7933.  Already  strange  and  uuaccounUiblc  defects  in  Tavornior's 
arithmetic  have  been  pointed  oat. 

Different  weights  and  measures  appear  to  have  been  osed  in  different 
parts  of  the  countr}-  in  his  time,  the  inargctliq  =  H  carat**  or  7  grains 
ftt  llaolconda  aiid  Couloar;  the  rati  =  ^  of  a  carat  or  3^  grains 
at  Souraelpour.  If  we  could  with  appraiimate  accuracy  (ix  the  value  of 
the  rati  mentioned  by  Tavernier,  we  might  succccil  perhaps  in  instituting 
n  fair  comparisi>n  between  the  Great  Mogul  and  other  diamonds.  It  seems 
to  W  difficult  to  believe  that  it  equalled  3^  grains,  as  he  states.  In  Nagpur 
in  the  year  lS27,ac^r»rding  to  Mr.  Jenkins,  the  ra/i  was  only  2014  grains. 

The  French  grain  was  equal  to  about  '77  of  a  troy  grain,  therefore  since 
the  rati  containeid  ^J  of  these,  its  value  would  have  been  2*695,  or  say 
2*7  troy.  Tliis  fact  seems  to  have  been  overlooked  by  some  who  have 
endeavoured  to  reduce  the  weights  given  by  Tavernier :  non>ox|)erts  too 
apl>ear  to  have  forgotten  that  the  diamond  grain  is  not  identical  with  any 
'  other  grain  ;  though  our  English  canit  contjiins  four  of  thcsie  grains  it 
only  cousista  of  ii*174  tjoy  groins.'     So  culeuUted,  tho  weight  of  the 

Great  Mogul  would  be 4."i74~  =  271 '75  English  cjirats.     If  in  this 

isjuation  we  could  see  oar  way  to  putting  the  value  of  Tavernier  s  raft 
1*S48  instcjid  of  2*7,  then  the  exact  weight  of   the  Koh-i-nur,   wh- 
brought  U>  England,  or  18(V0C  carats,  would  be  obtained.    _Thi'  vn^tv 
Die  ancient  Hindu  ratit  according  to  Mr.  Thomas,**  was  1'75  g^i 
^ which  it  gradually  increaeetl  till  in  the  time  of  Akbar  it  ^ 
*1*9375 ;  the  mean  of  these,  or  1*843,  is  nearly  itqual  to  the  figui  J. 

Sup{>osiug,  however,  that  Tavcrnicr's  rait  equalled  2*7  grains  aa  above  cal- 
►  culatetl,  the  Great  Mogul  may  have  been  nuitilaUNJ  during  its  tmvcls,  and 
ihis  may  account  for  the  loss  in  weight,  27 1*78 — 18006  =  85*72  carat«, 
uod  for  the  difference  in  itB  shape  from  that  of  the  Knh-i-nnr  when 
brought  to  Kngland.     At  the  same  time  it  is  probable  that  T&vernior'a 


'   Vidt  Knojclopo^iii  th-ttnnnicii,  Art.  Diiimoitd. 
'  Tcrcy't  Mctallur^jri  i^ilvcr  and  UvUl,  p.  37ft. 
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sketch  or  diagram,  as  it  might  be  called,  which    is  here  repicK.lucctl  i<-'i 


Tbb  Obbxt  Moocl. 
(FroPt  sketch  btf  Taeernier,) 


Tub  Kon-i-Nrn. 
{Before  rccutlittg,) 


comparison,  was  £rom  memory  and  was  therefore  more  regular  in  oullioe 
than  the  origiuul.  Tlie  name  Great  ]\Iogul  was,  of  course,  not  of  native 
origin,  but  was  probably  first  conferred  by  Tavemier.  By  the  natives 
it  was  in  all  probability  originally  known  as  the  Kollur  diamond.  It 
lias  been  suggested,  if  not  absolutely  stated  by  some  native  writers,  that 
the  title  Koh-i-nur  really  owes  its  origin  to  a  change  in  the  originally 
meaningless  name  Kollur.  Such  changes,  in  which,  wliile  the  sound  is 
more  or  less  retained,  a  meaning  is  acquired,  are  not  by  any  means  rare 
in  Oriental  languages,  while  they  sometimes  occur  in  thoFe  of  Europe. 
Thus  English  surnames  in  the  mouths  of  natives  become  changed  into 
words  of  similar  sound  which  have  a  meaning  in  Hindustani  or  whatever 
the  language  spoken  may  be. 

From  the  above  it  will  Ixj  admitted  that  there  are  good  reasons  for 
believing  in  the  identity  of  the  Great  Mogul  or  Kollur  diamond  of 
Tavemier  with  the  Koh-i-nur.  In  spite  of  the  slight  differences  in 
weight  in  his  two  statements,  we  cannot  suppose  that  he  saw  two  distinct 
diamonds,  and  the  hypothesis  that  the  Great  Mogul  diamond,  as  it  was 
when  seen  by  Tavemier,  still  e^sta  in  Persia  under  a  different  name  is 
wholly  without  foundation. 

WusTAriLLY  OR OosTAPUtLY  ^Lat.  16*40';  Long.  80' 23' 80'  (A.S. 

CODAVETTY  KaLLD  J  76). 

MooNALOOR  Oil  MoooALOOR,  Lat.  16'  38';  Long.  SO'  23'  20*  (A.S. 

75). 

Atkur  or  Atanor  and  Barthenypadu  are  close  by. 

All  the  above  belong  to  the  Partial  group,  and,  so  far  as  they  have 
been  mentioned  by  the  different  writers,  the  conditions  of  occurrence  of 
the  iliamonds  appear  to  be  the  same  as  those  which  obtain  at  Partial. 

The  matrix  is  a  detrital  sub-recent  bed  resting  on  metamor])hic  rocks, 
the  nmtcrials  having  been  brottght  down  from  llic  adjoining  tracts  of 
Karnul  rwUs,  in  or  on  a  portion  of  which  the  Kollur  mines  were  situate^]. 
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Hcyno  gives  tho  traditional  uccount  of  tbe  Codavetty  Kallu  mine,  which 
states  that  at  first  builock-loads  of  diamonds  wert*  dit^covorod. 

Paktul,  Lat.  16"  S9';  Long.  80*  «?' (A.a,  76).  This  locality, 
which  is  commonly  though  erroneously  supposed  to  liave  enjoyed  the 
honour  of  having  produced  the  Great  Mogul  or  Koh-i-nur  diamond, 
appears  under  so  many  different  names  that  it  may  be  best  to  mention  some 
of  them  in  order  to  remove  any  possible  confusion.  Oanipartal  or  Burial 
(Heyne'),  Gani  ParteaLi  or  Paileal  (Voysey*),  Parteal  (Walker^),  fcc 

Although  it  has  been  disputed  it  seems  not  improbable  that  the  Pitt  or 
R^^geiit  diamond  wa£  found  in  some  one  of  these  mines  of  the  valley  of 
the  Kistna.  A  different  account  of  its  origin,  given  by  Captain  Nowl^old, 
floems  to  be  incorrect.  Captain  Hamilton  in  1727  ♦distinctly  refers  to  it 
and  tbe  circumstances  under  which  it  was  sold  to  Mr.  Pitt.  When 
visited  by  Voyscy  in  18i5  the  only  operations  in  progress  at  Partial 
consisted  in  researching  the  rubbish  of  the  mines. 

When  the  Nizam  ceded  the  Nortbeni  Ci rears  to  the  British  he  wo* 
permitted  to  retain  possession  of  all  the  village  lands  of  this  area  in 
which  diamond  mines  were  situated,  and  tliese  villages  now  stand  isolated 
in  the  British  Kistna  and  Godavari  districts.  The  revenue  derived  from 
them  by  the  Nizam  at  present,  from  ordinary  agricultural  resources,  is 
not  inconsiderable,  but  the  diamond  mines  yield  little  or  nothing.  Eighty 
years  before  Heyne's  visit,  or  about  the  beginning  of  the  18th  century, 
they  belonged  to  a  powerful  zemindar  called  Ooparow,  but  on  his  dis- 
covering the  diamonds,  they  were  taken  possession  of  by  his  sovereigUi 
the  Nizam. 

Voysey  was  of  opinion  that  the  diamond-bearing  stratum  was  not 
nearly  exhausted,  being  intact  dose  to  pits  whence  famous  stones*  had 
been  taken.  In  185U  Dr.  Walker  saw  two  mines  only  at  work,  and  these 
were  let  for  8  annas  each  per  month.  He  states  that  a  searcher  who 
makes  B«.  4  or  6  by  the  sale  of  the  small  diamonds  deems  himself  for- 
tunate.  As  many  of  the  mines  were  hollowed  down  to  the  rock  he 
concluded  that  the  tmet  was  exliausted ;  but  this  is  scaroely  probable,  as 
the  stratum  in  some  cmob  extends  nnder  the  villages  where  from  super* 
atitioQB  motives  it  has  not  been  touched. 

MuLRU  OB  MALAvrLY,  Lat,  lOMl'  N.;  Long.  80°  56'  E.  and  Gola- 
PILLT,  Lat.  16' 43'  80"  N  j  L.>ng.  80*  57'  E.  The  mine«  situated  between 
these  two  villages  may  conveniently  be  treated  of  together.    They  are 


»  TmcU,  p.  1>4. 

*..  Vol.  XV,  p.  126,  Ami  Jour..  A*,  8^.,  B«ngi«l,  Vol.  II,  p.  iO  t 
lit  Joar.  of  Lit.  stid  get.,  Vol.  XV,  p.  186. 
*  Nfw  Acconnt  of  IU«  Kni  lmUc«.  Vol.  I,  p.  966. 
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alluded  to  by  Drs.  Heyne,  Vuy.«ey,  and  Benza,  and  Cuptaiu  Newl>old  ; 
but  within  the  period  to  v/hivU  these  recoi*ds  refer  they  do  not  appear  to 
have  been  worked  with  much  resuH,  though  Dr.  Benza  mentions  some 
email  diamonds  liaving  been  found  in  a  particular  mine  about  the  year 
1830.     None  of  them  are  worked  now. 

In  reference  to  Muleli,  Mr,  King,  who  has  recently  written  on  the 
Hobjeot^  says  that  the  old  workings  are  in  pebbly  sandstones  of  the 
Pudugut  range,  or  in  superficial  deposits  consisting  of  their  debris. 
These  sandstone©  Ijelong  to  the  Gohipilly  group,  and  rest  partly  on  lower 
Oondwana  and  partly  on  metaniorphic  rocks.  Mr.  King  considers  it 
jjossible  that  they  are  in  part  made  up  of  the  debris  of  Karnul  rocks, 
though  non^  are  now  exposed  in  tbe  neighbourhood. 

Several  of  the  writers  mentioned  above  allude  to  the  presence  of  a 
kunkur  bod  or  calcareous  travertin,  iu  association  with  the  diamond- 
bearing  stratum,  which,  according  to  Dr.  £enza,  extended  as  far  as 
Saiiulcotah,  where  it  was  said  diamonds  had  also  been  found. 

It  would  be  impossible  to  say  now  in  what  particular  mines  many  of 
the  famous  diamonds,  believed  to  have  come  from  this  so-called  Gulconda 
region,  were  found.  Some  of  them  possibly  did  not  come  from  mines, 
but  were  casually  found  on  the  surface  j  thus  the  Nizam's  diamoud,  which 
has  been  described  by  Mr.  Piddiugton,'^  was  about  the  year  1S35  first 
noticed  as  a  plaything  with  which  a  native  child  was  amusing  himself* 
No  earlier  history  of  it  could  be  ascertained ;  its  antecedents,  therefore, 
resemble  those  of  the  earliest  Cape  diamond.*  Very  little  is  kuown  about 
the  weight  and  quality  of  this  stone,  Mr.  Piddiugton,  from  a  leaden  mode), 
estimated  that  in  the  rough  it  weighed  277  carats,  Tlis  account  was 
from  information  received  from  Captain  Fitzgerald,  who  was  attached  to 
the  Nizam's  service.  A  different  history  of  it  is  given  by  Captain 
Burt^^n,*  who  says  it  was  found  buried  in  an  earthen  pipkin  by  a  sowar 
at  Narkola,  20  miles  east  of  Shamsabud.  It  is  said  to  have  then  been 
broken  in  three  pieces,  the  largest  of  which  is  supposed  to  weigh  375  carats ; 
but  there  is  a  great  deal  of  mystery  about  this  stone. 

BuADRACHELLVM, — This  locsJity  ou  the  Qodavari  is  mentioned  by  botb 
Voysey  and  Newbold  as  l>eing  one  where  diamonds  were  sought  for,  a 
not  altogether  improbable  supposition  ;  but  no  particulars  arc  known. 

Bengal :  Chtttm  Nacipue. — The  up]>or  portion  of  Ptolemy's  Adatnat 
fm  passes  through  a  district  named  Cocconagc,  which  would  includs  Chutaa 

»  Mem.,  G.  8.  I.,  Vol.  XVI,  ptRc  BO. 

'  Jour,  A*.  JSoc..  Uonfritl,  Vol.  XVI J,  p.  152. 

*  Jour,  «k)c.  «A  ArU,  A|>rU  IKHl. 

*  Qusr(«r1>  JvuroaU  of  tki«tic«.  Vol.  VI,  mw  wtin^  p.  9SL 
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Nftgpur.     In(lei>cndently  of  tliis,  ho\v«.vor,  inrre   me  gtjo«l    rcwons   for 

believing   tlmt  Uiaraon<ls  were  found  in  Chutiii  Nagpnr,     The  followiug 

notices  on  the  subject  are  from  a  paper  hy  the  lute  Mr.  Blochrnunn'  :— 

"  Kokrah   (the  ancient  name  of  Chntia  Na^pur)  was  known  at  the 

Mogul  court  for  its  diiimonds,  and  it  is  evidently  thiscireumstiince  which 

led  the  generaU  of  Akl^ar  and  Juhangiri  to  invade  the  district.     I  have 

found   two   notices  of   Kokrah   in   the  'Aj  '  ih  *  and   one  in   the 

'  Tuzuk-i-Jahangiri/  from  which  it  appears  i  (ia  Nagpur  was  roiled 

over  in  1585  by  Madha  Singh^   who   iu  that  yrar  became  tributary  to 

Akbar.     He  wa^  still  alive  in  A. D.    1591,  when    he   pcrvcd  under   Man 

Singh  in  the  imperial  amiy  which  invaded  Orissa.     '  Tuzuk-i-Juhangiri  * 

(p.  165) ;— On  the  3rd  Isfandiarmuz  of  the  10th  year  of  my  reign  (A.D. 

161 6) I  it  was  rcport>ed  to  me  (Jahan*^iri)  that  Ibrahim  Klmn  (Governor 

of  Biiiar)  had  overrun   Kokrah  and  taken  possession  of  its   diamond- 

WDihingB.     This  district  belongs  to  Subak  Bilur^  and  the  river  which 

flows  through  it  yields  the  diiimonds.     When  the  river  contains  little 

water,  tumuli  and  hollows  are  formed.     The  diamond-diggers  know  from 

experience  that  those  tumuli  chiefly,  contain  dinmonds  over  which  ingots, 

aalled  by   the   Ilindusi /^/nya,   hover.     They  pile  up  stones  on  all  sides 

of  the  tumuli,  and  then  cut  into  them  with  hatchets  and  chisels  and 

collect   the   diamonds   from   among   the  sand    and   stcines.     Somt'times 

diamonds  are  found   of  the  value  of  a  lakh  of  rupi-es  each.     The  tlihtrict 

and  the  diamond  river  are  in  the   possession  of  the  zamindar  Durjan 

Sal.    The  governors  of  Bihar  frequently  sent  detachments  into  Kokruh  ; 

but  as  the  rojuls  are  forlificil  and  the  jungles  impenetrable,  the  governors 

were  geuenilly  satislit*d  with  a  tribute  of  two  or  three  diamonds.     When 

I  appointed  Ibrahim  Khan  Governor  of  Hihar,  rice  Zafar  Khnn,  T  told 

him  at  the  time  of  depjirturc  to  invade  the  district  and  drive  away  the 

unknown    petty  Raja.     No  sooner  had  Ibmhim  entered  ou   his  office 

than  he  prepared  himself  to  invade  Kokrah.     The  Raja,  according  to 

custom,  sent  a  few  diamonds  and  ehrphants  ;  but  Ibrahim  was  dissatisfied 

and  invaded  the  district  before  the  Rajah  could  collect  his  men.     When 

he  received  news  of  the  invjision  he  was  already  besieged  in  the  pass 

where  he  used   to  reside.     Some  of  Ibrahim's  men  who  had  been  sent 

out  to  look  for  him  found  him   with  ssveral  |>ersons,  among  them  his 

mother,  another  wife  of  his  father,  and  one  of  hia  brothers,  concealiHl  in  a 

cave.    Tlicy  were  deprived  of  the  diamonds  in  their  possession.    Twenty- 

tltree  elephants  besiiles  were  taken.     .     .     .     The  diHtrict  is  now  subject 

to  me.     All  dianiunds  found  iu  the  river  arc  forwarded  to  court.     Only 


'  J(mr.,  At.Soo.,  IkngHl,  \bl  \L,  p.  118. 
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0  few  days  ago  a  diamond  arrived  ^hich  had  a  value  of  Rs.  50^000  and 

1  hope  many  raoro  will  he  added  to  ray  store  of  jewels.'    Mr.  Blochmaim 
hclicved  that  the  diamond  river  alluded  to  was  the  Sunk. 

To  the  present  day  a  spot  in  the  Sunk  is  pointed  out  by  the 
inhahitants  as  being  a  place  where  diamonds  were  washed  for,  and  on 
BenueU's  map  of  India,  published  in  1788,  a  diamond  mine  is  indicated 
on  that  river. 

Mr.  Blochmann  gives  a  quotation  from  a  history  of  the  Maharajaa 
of  Chutia  Nagpur,  in  which  is  described  a  method  of  testing  diamonds 
for  (laws  by  affixing  them  to  the  boms  of  fighting  rams,  and  states 
thaU- 

*'  Jahangiri  says  the  diamonds  which  Ibrahim  Khan  had  brought  from 
Kokrah  hod  been  given  to  the  grinders.  '  They  wore  now  submitted  to 
mc,  and  among  them  is  one  which  looks  like  a  sapphire.  I  have  never 
Been  a  diamond  of  such  a  colour.  It  weighs  sever.il  rati*,  and  my 
lapidaries  fix  its  value  at  Rs.  3,000,  though  they  would  give  Bs.  20,000 
for  it  if  it  were  quite  white  and  stood  the  full  test."' 

Colonel  Dal  ton  *  has  recorded  that  the  Rjya  of  ChuUa  Nagpur's  family 
still  possess  a  diamond  valued  at  Rs.  40,000  from  these  now  fabulous 
mines.  As  illustrating  the  methods  by  which  English  officials  in  the 
olden  time  shook  the  pagoda  tree,  the  following  will  bo  read  with  interest. 
In  the  year  1772  the  Raja  appeared  before  Captain  Caraar,  commanding 
a  force  in  Palamow,  and  after  exchange  of  turbans  acknowledged  himself 
as  a  vassal  of  the  Company. 

"  In  regard  to  this  exchange  of  turbans,''  writes  Colonel  Dalton, 
*'  the  family  annals  tell  a  strange  tale.  In  the  Raja's  turban  were  some 
very  valuable  diamonds,  which  it  is  insinuated  hud  excited  the  cupidity 
of  Captain  Camar.  The  proposal  for  the  exchange  emanated,  it  is  said, 
from  him.  He  declared  it  was  the  English  method  of  swearing  eternal 
friendship,  but  the  Captain  had  no  diamonds  in  his  head-dress,  and  the 
Raja  evidently  concluded  that  he  had  been  rather  'done'  by  the  Com- 
pany's officer." 

This  story  is  so  like  one,  however,  which  is  told  of  Nadir  Shah  in 
reference  to  the  Koh'i-nur  that  it  is  possible  that  it  may  bo  apocryphal 
•8  regaixls  this  locality. 

The  basins  of  the  Sunk  and  its  sister  river,  the  Southern  Koel,  are 
aituated  to  the  south  of  a  line  of  watershed  which  separates  the  sub- 
division of  Pakmow  from  the  rest  of  Lohardaga.  Neither  the  geology  of 
this  watershed  nor  that  of  the  valley  of  the  Sunk  arc  as  yet  accurately 

'  Ethoologj  of  Dcngul,  p.  163N. 
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knowo,  and  it  remaing  to  \m  seen  whether  nny  rt^presentativ*  of  the  usuoJ 
diamond-jrielding  rocks  of  Vindh^an  age  occur  there. 

SomrELPOUR— If  wo  are  correct  in  aanguing  tho  diamond  localities 
mentioned  aVK)ve  to  the  hoain  of  the  Sunk,  ii  ii*  alinoet  certain  that  there 
were  also  others  to  the  north  of  the  watershed.  These  were  visited  by 
Tavemier  about  tho  year  1665. 

He  says  *  : — "  I  come  to  the  third  mine,  which  is  the  moist  ancient  of 
all,  and  in  tho  kingdom  of  Bengala.  You  may  give  it  the  name  of  Soumel- 
pour,  which  is  tho  name  of  tlic  town  next  to  the  place  whore  diamonds 
are  found,  or  rather  Gouel,  which  is  the  name  of  the  river  in  the  Hand 
whereof  ihey  find  the  stones,  The  territories  through  which  tliis  river 
runs  belong  to  a  Raja  who  waa  anciently  tributary  to  the  Great  Mogul,  but 
revolted  during  the  wars  between  Shah  Jehan  and  Jchangir,  his  father. 
So  soon  as  Shah  Jehan  came  to  tho  empire  be  sent  to  demand  triliote  from 
this  Riiju,  both  for  the  present  and  the  past,  who,  finding  that  his 
revennes  were  not  saflSeieut  to  pay  htm,  quitted  his  country  and  retired 
into  the  mountains  witli  his  subjects.  Upon  the  news  of  his  refusal  Shah 
Jehan,  believing  he  would  offer  resistance,  sent  a  great  army  against 
him,  persuading  himself  that  he  should  find  great  store  of  diamonds  in 
his  country.  But  he  found  neither  diamonds  nor  people,  nor  victuals, 
the  Raja  having  burnt  all  tl>e  corn  which  his  petiple  could  not  carry 
away,  so  tliat  the  greatest  part  of  Shah  Jehan's  army  jicriBhed  for  hunger. 
At  length  the  Uaja  returnee!  into  his  country  upon  condition  to  pay  the 
Mogid  some  slight  tribut**." 

Then  follows  an  account  of  the  route  travelled  over  by  Tavemier 
from  Agra  vid  Allahabad  and  Ehotas  to  Soumelpour.  IIo  conti- 
nues:— 

*'  Soumelpour  is  a  great  town,  the  bouses  whereof  are  built  of  earth, 
and  covered  only  with  branches  of  coco  trees.  All  these  Si)  leagues 
(i.tf.,  from  Rhotas  to  Soumelpour),  you  travel  through  woods,  which  is 
a  very  dangerous  passage,  because  the  robbers,  who  know  that  the  mcr- 
cliants  do  not  visit  the  mine  without  silver,  are  in  wait  sometimes  to 
take  it  from  them. 

"  Tlic  Raja  lives  half  a  eotU  from  the  town  in  tents,  set  upon  a  fair 
rising  ground,  at  the  foot  whereof  runs  the  Gouel,  descending  from  tho 
southern  mountains  and  falling  into  the  Ganges. 

"  Tliis  ifi  the  manner  in  which  they  search  for  diamonds  in  this  river 
after  the  great  rains  are  over,  which  is  usually  in  December.  Tlu-y  wait 
all  January  till  tho  river  be  clear,  by  reason  that  by  that  time  in  some 


'  •  t'oyngw/  Vol   U,  line  II.,  p.  308.  Purw.  1077. 
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places  it  is  not  above  &  feet  (lee|)^  and  m  severoi  jiiaees  the  sand  lies  above 
the  water. 

''About  tlie  end  of  January  or  the  })eginning  of  February,  both 
from  the  town  of  Souraelpour  and  from  another,  which  is  2(1  cosfes  higher 
up  the  same  river,  and  from  some  smaller  villages  of  the  plain  there  pour 
forth  about  eight  thousand  persons,  men,  women,  and  children,  that  are 
able  to  work.  Thej'  that  arc  skilful  know  by  the  sand  whether  there  be 
any  diamonds  or  no,  when  they  find  among  the  sand  little  stones  like  to 
those  we  call  *  thunder  stones/  *  They  begin  to  make  search  in  the 
river  from  the  town  of  Soumelpour  to  the  very  mountains  from  whence 
the  river  falls  which  are  about  60  costes  from  the  town. 

"  Where  they  believe  there  are  diamonds  they  encompass  the  placo 
with  stukes,  faggots,  and  cnrth  as  when  they  go  about  to  make  the  arch 
of  a  bridge  to  drain  all  the  water  out  of  that  place.  Then  they  dig  out 
all  the  sand  for  2  feet  deep,  which  is  all  carried  and  sprciui  upon  a 
great  place  for  that  i>urpose  prepared  upon  the  side  of  the  river,  encom- 
passed with  a  little  wall  about  a  foot  and  a  half  high. 

"  When  they  have  filled  this  place  with  as  much  sand  as  they  think 
convenient  they  throw  water  upon  it,  waah  it,  and  sift  it,  doing  in 
other  things  as  they  do  at  the  mines,  which  I  have  above  described. 

'*  From  this  river  come  all  those  fair  points  which  are  called  natural 
points ;  but  a  great  stone  is  seldom  found  here.  Many  years  have 
passed  during  which  stones  from  these  mines  have  not  been  seen  in 
Europe.  It  is  this  which  h.i8  made  many  merchants  believe  that  the 
mine  has  been  lost^  bat  it  was  not  so.  It  is  true,  however,  that  nothing 
has  been  drawn  from  the  river  for  a  long  time." 

As  to  the  identity  of  this  Soumelpour,  since  it  was  situated  on  the 
river  Gouel  which  flowed  northwards  to  the  Ganges,  it  must  have  been 
somewhere  in  the  basin  of  the  northern  Kocl  river  aud  prob»l>ly  within 
the  limits  of  Palamow.  Jeffcrys  in  his  map  of  176*J  so  places  it,  but 
evidently  on  Tavernicr's  authority^  and  not  from  independent  evidence. 
Much  depends  on  the  equivalent  value  of  Taveraier's  80  cosleSf  aud  the 
nearest  approximation  which  can  l>e  made  is  81  miles.^  Now  at  al>out 
tliis  distance  south  of  Rhotas  there  are  on  the  banks  of  the  Koel  the 
remains  of  an  old  town  cilhd  Scmah,  lat.  23*35';  long.  84°  21',  which 
is  probably  I  he  same  as  Semul,  the  native  name  of  the  eilk  cotton  tree 
{/iomdar  malabaricum) ^  and  Semulpur  might  very  emtily  be  Tavcmier's 

I  C«n  tliart  he  any  connection  hctwctm  tluNi*  to  mHmI  thamlcr  st^mci  or  piertM  rf* 
loMJKTTtt  of  TtivcrniiT  ami  tho  ^A44iyn«  mrtitiouiil  on  «  iirvrioua  pwgu  t*     Jhi»ya   mn}    \\u\ 

«  I'idt  Jour.,  A«.  »w.,  Heti«»!.  Vol,  L,  1881,  p.  30. 
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Soumelpour.    Of  use  as  collate ral  cviacuco  ut   ■  -inou  that   there 

were  iliuuiond  workings  in  this   vicinity  is  Up  i;»t  a  large  picture 

bj  a  cotemix)rary  artist,  representing*  the  attack  on  the  fort  »f  Palamow 
in  1C60  by  Daud  Khan,  which  has  l>ei-n  clescribed  by  CoUmel  Dalton,' 
contains  a  figure  of  the  Z<imiTtilur-i-kcin-i'aiMa»,  or  lord  of  the  diamond 
mine,  who  is  considered  to  have  been  a  Kol  Nagbansi  Raja.  It  seems 
probable  enongh  that  he  was  the  identical  periBoniige  whom  Taveroior 
found  in  authority  at  Soanie]{K)ur  only  live  years  lat<>r. 

If  this  identification  be  correct  then  it  would  seem  proltable  tliat  the 
source  of  these  diamonds  wiu<  mituat^Hl  in  the  same  hills  n«  those  which 
separate  the  basins  of  the  Northern  Koel  and  Sunk  rivers  tt?«pectively. 

There  is  one  noteworthy  allusion  of  Tavernier's  in  the  above  quota- 
iiouj  and  that  is  to  the  fact  of  Indian  diamonds  goin^  to  Europe  long 
before  bis  time.  It  proves  that  those  writers  who  have  maint^iined  that 
be  first  introdnectl  the  diamond  into  Europe  are  in  error.  Even  in  Marco 
Polo's  time,  however,  and  possibly  many  centuries  before  it,  there  was  an 
fadfltiog  trade  as  already  stated. 

There  are  several  notices  of  diamonds  having  been  found  in  the 
tributaries  of  the  Malianadi,  which  take  their  rise  in  the  Chntia  Nagpar 
States  of  Jashpur  ST  '  ^  '< it  these  statements  require  confirniation. 

The  El)c  near  its  s<  n  la  Nagpur  is  commonly  called  the  /lira 

pr  diamond  river  by  the  natives,  and  it  has  aUo  l)ecQ  supposed  by  some, 
but  apparently  without  good  foundation,  to  carry  down  diamonds  to  the 
Mabanadi. 

-In  a  very  remarkable  journal''  by  a  Turk  named  Mustnpha,  who  had 
been  educated  in  France,  wo  find  an  account  of  some  of  the  countries 
traversed  by  the  author  between  Bengal  and  Masulipatam  in  the  yei»r 
1759.  Uis  course  was  a  circuitous  one  leading  him  so  far  to  the  west 
as  Chntia  Nagpur.  Unfortunately  the  manuscript  stopped  short  at 
Sambalpur.  South  of  Jashpur  he  seems  to  have  crassi*d  the  Main  PAt, 
After  describing  a  severe  climb  he  writes  :  "Tliese  passes  are  caW-A  Qhats 
in  Hindustani,  that  of  llamghur ;  so  dangerous  of  itself  was  a  mere  walk  to 
this  of  Jashpur.  Diamonds  are  to  be  found  in  these  mountains.  There 
mre  stones  also  in  the  country  round  Gangpur,  80  cot/es  further,  as  well  as 
at  Samalpur.  In  a  word  all  along  the  bunks  of  the  lb  (Ebe) ,  which,  taking 
its  rise  near  Nowagurh,  where  it  malces  a  cataract,  runs  towards  the  south 
as  far  as  Samalpur,  whei-e  it  turnn;  eastwards,  waters  Badrar  (  ?=;B6d), 
and  Catlaur,  and  empties  itself,  I  suppose,  between  Cuttack  and  Balasore/' 


>  Jottr.,  At.  8o«..  B«fig»l.  Vol.  XLtll.  Part  I.  p.  240. 
*  DtirjwpWt  Uricatal  Bepcxiory,  Vol.  11, 1808,  \h  201. 
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CentraJ  Provinces. — Tu  the  Central  Provinces  diamonds  are  knotvu 
to  have  been  found  in  two  districts,  namely,  in  the  neighbourhood  of 
Sambalpur  on  the  Mahanadi  and  at  Wairagarh  in  the  Chanda  district. 

Sambalpur  District. — Some  uncertainty  exists  as  to  how  far  the 
early  notices  of  the  diamond-bearing  localities  of  Gondwana  are  appli- 
cable to  those  situated  in  the  Mahanadi  basin.  According  to  Ptolemy's 
map'  the  Adama/»  flows  into  the  Gangcticus  sinus  (Bay  of  Bengal) 
midway  between  Cosamba  on  the  north  (Balasore  ?)  and  Cocala 
(Sicacole  of  Arrowsmith's  map,  the  modern  Chicacole).  The  Dosaron 
and  Tyndifl  rivers  probably  represent  the  Godavari  and  Kistua,  so  that 
it  is  very  likely  that  the  Adamas  may  safely  be  identilled  with  the 
Mahanadi.  Ptolemy  represents  the  Adamas  as  flowing  through  the 
country  of  the  Sabarce,  across  which  runs  the  following  description  :— 
"  Jpud  qua  Adamas  est  in  copia/'  which  is  otherwise  given  in  an  earlier 
edition  of  the  map.*  "  Sal/arcs  i  his  habundat  Adamas."  The  up{)er 
portion  of  the  river  passes  through  a  region  named  Cocconage,  which 
would  include  Kokrah  or  Chutia  Napgur. 

The  first  visit  to  Sambalpur  of  which  there  is  any  published  account 
is  described  in  the  narrative  of  a  journey  which  was  undertaken  by 
Mr.  Motte  in  the  year  1766.*  The  object  of  this  journey  was  to 
initiate  a  regular  trade  in  diamonds  with  Sambalpur^  Lord  Clive  being 
desirous  of  employing  them  as  a  convenient  means  of  remitting  money 
to  £nglaud.  His  attention  had  been  drawn  to  Sambalpur  by  the  fact 
that  the  Raja  had^  a  few  months  previously^  sent  a  messenger  with  a 
rough  diamond,  weighing  Ifi^  caratfi,  as  a  sample,  together  with  an 
invitation  to  the  Governor  t<j  depute  a  trust wortliy  jierson  to  purchase 
diamonds  regidarly.  The  Governor  proposed  to  Mr.  Motte  to  make 
the  speculation  a  joint  concern,  **  in  which/'  writes  the  latter,  '*  I  was 
to  hold  a  third ;  he  the  other  two ;  all  the  expenses  to  be  borne  by  the 
concern.  The  projwsal  dazzled  me,  and  I  caught  at  it  without  reflecting 
on  the  difficulties  of  the  march^  or  on  the  barbarity  of  the  country. 

In  spite  of  his  life  being  several  times  in  danger  from  attacks  by 
the  natives,  the  loss  of  some  of  his  followers  by  fever,  and  a  varied  chap- 
ter of  other  disasters^  Mr.  Motto  was  enabled  to  collect  a  considerable 
amount  of  interesting  information  about  the  country.     Owing  to  tho 


*  Aj10  I.  tab.    "  Googmphis  libri  Octo,  Or,  ct  L<it.   Opera  P.   Bwrtii  Luplani,"  Vkki, 

iGia   Foi. 

*  Tnh.  X.    "  Ci)iJoogti»|)bia),"  libri  viii.    L«t,  Jiwtid*  Alb»no,  Ulran*.     l-iSC.     Fol. 

*  "  Aaintio  Amino]  Ilcgivter/'  liondoii,  1790.    Th<^  Mcooui  givcu  to  ilRiuilton't  "  Uln- 
Ivtau,"  Vol.  II.  p.  20.  is  evideutly  taken  from  Mr.  MotU. 
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diBtarbed  state  of  Sambiilpur  town,  bowrver,  he  was  only  al>l«  to  pur- 
ohftso  a  fcw^  (Immonds.  After  mnch  proluti^ed  ne^ntiution  he  was  per- 
mitted  to  visit  the  junction  of  the  Rivers  (lebe  (Ebe)  and  Mahanadi^ 
where  the  diamonds  were  said  to  Ix?  found.  A  servant  of  the  Raja's, 
who  was  in  chRrgc  there,  informed  him  that  "  it  was  his  business  to  search 
in  the  River  Hebe,  after  the  rains,  for  red  earth,  washed  down  from  the 
mountains,  in  which  earth  diamonds  were  always  found.  I  asked  him  if 
it  would  not  be  better  to  go  to  the  mountains  and  dig  for  that  earth. 
He  answered  that  it  had  been  done  until  the  Mahrattas  exactetl  a 
tribute  from  the  country,  and  to  do  bo  now  would  only  increase  that 
tribute.  He  showed  me  several  heaps  of  the  red  earth — some  pieces  of 
the  size  of  small  pebbles,  and  so  on,  till  it  resembles  coarso  brick-dust— 
which  had  been  waabed  and  the  diamonds  taken  out/'  The  description 
suggests  laterite  as  the  matrix  from  which  the  diamonds  were  proxi- 
mately derived,  Messrs.  Hislop  and  Hunter  vide  infra  describe  the  dia- 
monds of  Wairagarh  as  occurring  in  laterite  gravel.  In  this  connexion  it 
may  be  noted  that  one  of  the  sources  of  Cape  diamonds  is  said  to  be  a 
ferruginous  conglomerate. 

The  next  account  is  by  Dr.  Voysey,*  who  visitcil  the  diamond  wash- 
ings in  Sambalpur  in  1823  when  on  his  last  jonmey  from  Nagpur  to 
Calcutta.  Ho  states  that  diamonds  were  only  found  below  the  junc- 
tion of  the  £be  river  with  the  Mahanaxli,  but  other  authorities  place 
the  limit  much  furtlicr  up,  namely,  at  the  junction  of  the  Mand  and 
Mahanadi  rivers.  The  miners  were  at  work  in  the  channel  between 
the  island  and  the  right  bank  about  10  miles  above  Sambalpur.  The 
process,  as  observed  by  Dr.  Voysey,  was  the  sumo  aa  is  described  below. 

The  most  valuable  contribution  to  our  knowledge  of  Sambalpur 
diamonds  is  by  P.  Breton,  Esq.,  Surgeon,  Hon'ble  East  Indfa  Company's 
service.  It  is  contained  in  a  paper  entitled  "Medical  Topography  of  the 
districts  of  Ramgurh,  Chota  Nagpore,  Sirgoojaand  Siimbhulpore,''  dated 
1825. **  Mr.  Breton  quotes  from  a  gentleman  who  had  enjoyed  in  Sam- 
balpur the  best  opportunities  for  obtaining  accurate  information.  He 
states  that  the  diamonds  wore  only  found  on  the  left  bank  of  the  rivdr 
and  in  the  streams  from  Raigarh,  Jashpur  and  Gangpur  tributary  to  it  on 
that  side,  up  to  the  Mnnd.  In  confirmation  that  the  diamonds  came  from 
the  north,  he  says  that  they  had  been  actually  found  in  the  Gangpur, 
Raigarh  and  J  ash  pur  States.  His  description  of  the  metho<l  of  washing 
is  incorporated  below.     According  to  class,  the  diamonds  were  Talued 


I  Jour.,  Am.  Soe..  Brag«1,  Tol.  XIII,  1844,  p.  860. 

'  l^ruua«Uoo•  of  tlie  Medical  and  I*hysleal  Boclctj  of  Ctlcntta,   Vol.  11,  1826 ;  bIm 
iMUtd  wpaimtoly  from  Uortroinetit  Utboffnphie  Prcsi.  Calcutta.  1820. 
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per  masha  of  14  grains  troy,  first,  500  Sicca  Rupees;  second,  400  Sicca 
Rupees;  iMrd,  300  Sicca  Rupees;  fourth,  175  Sicca  Rupees.  This  was 
for  stones  of  small  weight  only,  as  a  diamond  of  large  size  was  not  subject 
to  rule. 

The  most  important  part  of  this  paper  is  the  following  carefully 
drawn-up  table : — 

Table  showing  the  numbers  and  weight  of  /he  rough  diamonds  found  in  the 
Mahanadi  between  the  years  1804  and  1818  by  P,  Breton,  Surgeon 
Ilon'ble  East  India  Company's  service. 


Wbisbt.* 

By  whom  receiTed  from  the 
dl«mo&d  flndere. 

Totn. 

If  amber. 

MuhM. 

Batifl. 

Troy  weight 
gnine. 

UDknowo   

ao 

4 

t88 

Bui  Batton  Cober. 

1804            

4 

... 

86 

Ditto       ditto. 

1806             

7 

... 

86 

Ditto       ditto. 

180G 

None. 

1 

1807             

n 

906 

Ditto      ditto. 

18CS             

1 

... 

14 

Ditto       ditto. 

18U»             

48 

67S 

Chnndeq'ee  Bhoooela.  Command. 
log  in  Sambalpnr. 

Si 

7 

Chandeijee  BhooneU,    Commaod- 
ing  in  Sambalpar. 

1 

... 

14 

8«e«  Bam  Gopal. 

1810     *      

St 

SS 

Chnndeijee  Bhoonala. 

1811             

4 

06 

Ditto       ditto. 

181S             

None. 

1818             

i 

... 

ts 

Mahadeo  Bae. 

1814             

None. 

181ft             

i 

... 

28 

Ditto. 

1816             

... 

•i 

IS 

Ditto. 

1817             

i 

M 

Ditto. 

... 

1 

4 

Ditto. 

1818             

1 

6 

1 

84» 

14 

Ditto.  •  Thl4  waa  eaid  to 
have  bo«n  brooffht 
to  the  Agent,  who 
forwarded  It  to 
OoTemment.  Ila 
valae  waa  Ba^ 
5.000. 

Ditto. 

*  According  to  thii  table  the  Sunbalpfor  masha  =  14  graini  troy  nearlj,  the  rati  of 
which  7  ==  1  maiha,  weighing  a  fraction  under  two  graine. 
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"The  large  diamon<l  found  in  1809  was  of  the  thinl  (J5^*i  or  VaUfa) 
quality.  It  was  picked  up  in  the  mouth  of  October  at  a  pkoe  called 
Uirakund,  m  the  bed  of  the  Mabanadi,  and  its  delivery  to  Rani  Rattuti 
Coher  was  unluckily  delayed  on  account  of  her  being  enrpigtnl  ia 
performing  the  funeral  ceremonies  of  her  husband's  mother,  and  beforo 
they  were  finished  the  Mahratta  troops  arrived  and  expelled  her  from 
the  country.  A  traitorous  servant  of  hers  betraywl  the  secret  of  tho 
valuable  stone  to  Chunderjee  Bbuonsia,  the  commanding  officer,  who 
persuaded  tlie  diamond  finders  to  eun^nder  it  to  him  by  promises  of  the 
grant  of  a  fine  village  and  a  thousand  rupees.  On  the  following  morning, 
when  they  appeared  to  claim  performance,  they  were  reproached  for 
bringing  a  stone  instead  of  a  diamond  and  driven  from  his  presence." 

Nothing  is  known  of  the  subsequent  history  of  this  stone ;  its  weight, 
672  grains  =  210-6  carats,  would  give  it  a  high  rank  amougvt  the  largMi 
stones  ever  found. 

The  next  mention  of  Sombalpur  diamonds  is  to  be  found  in 
Lieutenant  Kittoe's  account  >  of  his  journey,  in  the  year  1838,  through 
the  forests  of  Orissa.  He  s{)eaks  of  the  {)eop1e  as  being  too  apathetic 
and  indolent  to  search  for  diamonds.  His  remarks  on  the  localities  where 
they  occur  seem  to  be  derived  from  Mr.  Motto's  iKTOunt,  to  which, 
indeed,  ho  refers. 

Although  published  in  tho  same  number  of  the  Asiatic  Society's 
^  Journal '  wc  find  a  paper  dated  two  years  later,  or  IS+O,  which  was 
written  by  Mujor  Ouseley,  on  the  Process  of  Washing  for  Gold-dust 
and  Diamonds  at  llira  Khnnd.     Ue  says  that 

**  the  Hira  Khnnd  Ih  th»t  p^rt  of  the  river  which  riin«  i»outli  of  the  inluii'lfl.  Tlio 
diamonds  and  gold-dimt  are  «aid  to  be  washed  dowti  thu  fibv  River,  ubuut  \  iiiilea 
abo%'o  the  llira  Khund ;  but  ilh  botlt  are  proournbU  m  far  as  Soiipar,  I  aiii  iacUned 
to  think  tlu^ro  may  hi*  veijiu  of  g(»ld  along  tb«  Mabanadi." 

The  occurrence  of  diamonds  in  the  river  so  far  below  Sumbalpur  aa 
Sonpar  was  probably  exceptional.  No  mention  is  made  by  Major  Ouse- 
ley  of  the  system  of  throwing  an  embankment  across  one  of  the  channels, 
which  is  described  below;  but  that  method  of  washing  was  in  practice  for 
many  years  before  the  period  of  Major  Ousieley's  visit.  He  describes  the 
operations  of  individual  wa^ihers — not  the  combiueil  efforts  of  the  large 
nnmbcr  which  made  that  washing  successful.  The  diamonds  found 
become  the  property  of  the  Raja,  while  tht;  gold  was  the  per(|uisite  of  the 
nrwhers,  who  sold  it  for  from  lib.  1^  tu  15  per  tola. 

Upon  what  authority  the  statement  is  made  in  the  '*  Central  Prov- 
iooos  Gazetteer''  that  the  diamonds  of  Sauibulpur  were  Uat  and  thin  and 

>  Jour..  Ai.  Soc..  Ucugttl.  Vol.  VUI,  1839.  p.  87&. 
»  iM,  p.  1057. 
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had  flaws  ia  ibem  we  are  not  told  ;  but  some  of  tlie  oldest  writ^i-s  epeak 
o!  Iheui  and  those  from  tho  adjoining  Chutia  Nagpur  localities  as  being 
of  the  best  quality  and  purest  water  in  India.  As  to  their  size  tho 
alwve  table  affoixls  sufficient  evidence.  The  largest  diamond  from  Stunbul- 
pur,  seen  by  the  writer,  belonged  to  a  natiye  there.  The  stone,  though 
slightly  flawed,  had  been  valued  at  Ra.  2,500  in  Calcutta  after  cutting. 

The  last  description  of  these  washings  to  be  noticed  here  is  by  Surgeon 
J.  Shortt,*  for  it  would  be  an  endless  task  to  enumerate  all  the  writers 
in  Europe  who  have  for  the  most  part  drawn  their  accounts  more  or  less 
directly  from  Karl  Ritter's  ^  careful  eompilatiou  of  the  information 
which  was  available  before  the  year  1830.  Inaccuracies  innumerable 
have  crept  into  these  accounts,  and  they  are  likely  to  continue  to  disfigure 
text-books  for  many  years  to  come.  Dr.  Shortt  etates  that  seai^ch  for 
diamonds  was  being  recommenced  in  lb55,  having  l>eeu  suspended  fu- 
sopie years  previously. 

On  Greenough's  map  diamonds  arc  indicated  as  occurring  in  the  beU 
of  the  Braraiui  river,  but  Colonel  Ouseley  slates  distinctly  that  none  have 
been  found  there. 

With  regard  to  the  origin  of  the  Sambalpur  diamonds,  the  geo- 
logictd  etructui*e  of  the  country  leaves  but  little  room  for  doubt  as  to 
tho  source  from  whence  they  are  derived.'  Coincident  with  their  occur- 
rence is  that  of  a  group  of  rocks,  referable  U)  tlie  Lower  Vindhyan  or 
Karnul  series,  certain  members  of  which  senes  are  now  found,  or  are 
believed  to  have  formerly  existed,  in  the  vicinity  of  all  the  known  dia- 
mond-yielding localities  in  India,  and  in  the  case  of  actual  rock-workinga 
include  tho  matrix  of  the  gems. 

In  several  of  the  early  accounts,  the  belief  is  either  stated  or  implied 
that  the  diamonds  are  brttught  into  the  Mahanadi  by  it<3  large  tributary, 
the  El>e.  It  would  not,  of  course,  hel|)  to  establish  the  alnjve  view  as  to 
their  origin  to  say  that  the  Ebe,  at  least  within  our  area,  except  in- 
directly,* ia  not  fed  by  waters  which  pass  over  Vindhyan  rocks,  but  we 
have  the  positive  assurance  of  the  natives  that  diamonds  have  not  been 
found  in  that  river,  although  gold  is  and  has  been  regularly  washed  for. 
On  the  other  hand,  diamonds  have  certainly  been  found  in  the  bed  of  tho 
Mahanadi  as  far  west  as  Clianderpur,  and  at  other  intermediate  places, 
well  within  the  area  which  is  exclusively  occupied  by  the  quartxil<>8, 
sandstone,  shales,  and  limestones  of  Vindhyan  age. 

»  Se?c<:tinin  fnmi    K^toiiIk,  Bengal  Grtvennnetit,  No.  XXIII,  1862,  niid  alio  SelecUont 
from  lU'cords,  MmlniK  (JoTfrmneMt,  No.  XIV,  Ib£6. 
»  firdknnd*  Alien,  Vol.  VI.  p.  343. 

•  Kecorcli,  G.  S.  I .  Vol  X,  i».  1845. 

*  B;  a  f«w  atuAn  kU^ma  whicU  ri$u  in  an  it^Utcd  ouiljtDg  hill.  ckUciI  Ootwnki. 
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Tlie  fact  thai  tlic  plaoo,  Hira  Khutid,  wHcro  the  diamonds  were 
washed  for  is  on  metamorphic  rocks,  may  be  readily  explained  by  the  phy- 
sical features  of  the  gmiind.  The  rocky  nature  of  the  bed  there,  and  the 
double  channel  caused  by  the  ishiud,  afforded  unusual  facilities,  for,  in  the 
first  place,  the  retention  of  the  diamonds  brought  down  by  the  river ;  and 
sectmdly,  for  tlio  operations  b}'  which  the  Wl  wubl  on  one  side  be  laid  bare, 
and  the  gravel  washed  by  the  simple  contrivances  known  to  thonativca. 

It  is  impossible  to  Bay  at  preeent  which  the  actual  bed  or  beds  of 
rock  maybe  whence  the  diamonds  have  been  derived,  as  there  is  no  record 
or  appearance  of  the  rock  matrix  ever  having  been  worked ;  but  from 
the  general  lithological  resemblance  of  the  sandstones  and  shales  of  the 
Barapahar  hills,  with  the  diamond-bearing  beds,  and  their  ttS8<x;iatc8 
in  other  parts  of  India,  it  seeros  not  improbable  that  they  include  the 
matrix.  Above  Padampur,  the  Mahanadi  runs  through  rocks  of  this  age, 
and  any  one  who  may  hereafter  embark  upon  the  undertaking  of  search- 
ing for  diamonds  in  Sambalpar  should  confine  his  operations,  in  the  first 
instance,  to  the  streams  and  small  rivers  which  rise  in  the  Barapabar 
hillsj  and  join  the  Mahanadi  on  the  south.  Besides  the  obvious  advan- 
tage of  being — as  woald  probably  be  found  to  be  the  case^cloee  to  the 
matrix,  these  streams  would  afford  facilities  for  obtaining  a  sulKcieut 
head  of  water  for  washing  purposes.  Such  works  would  rcquii'o  but  a 
few  labourers,  and  could  be  carried  on  for  a  much  longer  period  every 
year,  say  altogether  for  eight  or  nine  months,  than  would  l>e  possible  iu 
the  case  of  the  washings  in  the  bed  of  the  Mahanadi  itself. 

According  to  the  local  accounts,  the  W)uthern  channel  of  the  Mahanadi 
Qsed  not  to  be  emptied  iu  the  Rajahs  time ;  but  from  various  causes  it 
might  be  exjKJcted  to  yield,  pro|>4:>rtionatcly,  a  larger  number  of  diamonds 
than  the  northeni.  In  the  first  place,  the  stronger  current  in  it  would 
Ihj  more  efficient  in  removing  the  substances  of  less  sj»ecific  gravity  than 
diamonds,  while  the  rocks  and  deep  holes  in  it  afford  admirable  means  for 
the  retention  of  the  latter.  Owing  to  the  greater  body  of  water  to  be 
dealt  with,  it  would  be  found  to  be  more  difiliuU  to  divert  than  that 
which  flows  iu  the  northern  channel ;  but  the  result  in  a  greater  harvest 
of  diamonds  would  probably  far  more  than  compensate  for  the  greater 
expenditure  incurred. 

In  the  country  to  the  south  of  Bambalpor,  in  Kariul  and  Nowagarh, 
ere  rocks  of  similar  age  to  those  of  the  Barapabar  hills,  occur  there 
i^  no  known  traditional  rccoixl  of  diamonds  having  ever  been  found  or 
•earched  for.  It  is  just  possible,  however,  that  the  names  of  several 
viUages  in  which  the  word  Hira  (diamond)  occurs  may  have  reference  to 
eomc  long-forgotten  discovery. 
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III  adilition  to  <lianioi)ds,  pebbles  of  beryl,  topaz,  carbuncle,  ame- 
thyst, caruelian,  and  clear  quartz  \ised  to  be  collected  iu  the  Mahauadi ; 
but  there  is  no  record  of  either  sapphires  or  rubies  ever  having  been  found. 
It  is  prol>able  that  the  matrix  of  these,  or  most  of  them,  exists  in  the 
metamorphic  rocks,  and  is,  therefore,  distinct  from  that  of  the  diamondi. 

From  personal  enquiry  from  the  oldest  of  the  Jhiras,  or  washers  at 
the  village  of  Jhunan,  and  from  various  other  sonrecs,  the  following 
details  have  been  obtained  as  to  the  manner  in  which  the  operations  were 
carried  on  in  tlie  Raja's  time :  In  the  centre  of  the  Mahauadi,  near 
Jhunan,  thero  is  an  island  called  Hira  Kiiund  {Hi.  Diamond  Mine)  which 
is  about  4  miles  long,  and  for  that  distance  scixvratcs  the  waters  of  the 
river  into  tM'o  channels.  In  each  year,  about  thol>eginuingof  March  or 
even  later,  when  other  work  was  slack  and  the  level  of  the  water  was 
approaching  its  lowest,  a  largo  number  of  i)Oople — according  to  some  of 
tho  present  iidiabitants  as  many  as  five  thousand — assemb1e<l  and  raised  an 
embankment  across  the  mouth  of  the  northern  channel,  its  share  of 
water  being  thus  deflected  into  the  southern.  In  the  sUignant  {hxAs  left 
in  the  former,  enilicieut  water  remained  to  enable  the  wajshers  to  wash 
the  gravel,  accumulated  between  the  rocks,  in  their  rude  wfKxlen  tniys  and 
cradles.  Upon  women  seems  to  have  fallen  the  chief  burden  of  the 
actual  washing,  while  the  men  collected  tho  stuff.  The  implements 
employed  and  the  method  of  washing  were  similar  to  those  commonly 
adopted  in  gold- washing,  save  only  that  the  tiuer  gravel  was  not  thrown 
away  until  it  had  been  thoroughly  scarchinl  for  diamonds.  Whatever 
gold  was  found  became  the  proj>erty  of  the  washer.  Those  who  wcro 
so  fortunate  as  to  find  a  valuable  stone  were  rewaitled  by  iHiing  given 
a  village.  According  to  gome  accounts,  the  washers  generally  held  their 
villages  and  lands  rent- free  J  but  it  is  scarcely  likely  that  all  who  were 
engaged  iu  the  operations  shoidd  have  done  so.  The  pt»ople  apparently 
did  not  regard  their  (in  a  manner)  enforced  service**  a»  involving  any 
great  hai-dship ;  they  would  he  glad  to  see  the  anuual  search  re-established 
on  the  old  terms.  Indeed  it  is  barely  {vossiblo  to  cuiureive  the  condition 
of  the  Jhara9  having  been  at  any  time  worse  than  it  is  at  present. 
No  doubt  the  ganibling  element,  which  may  be  sjiid  lo  have  been  ever 
present  in  work  of  the  ab<»ve  natin*c,  commended  it  to  the  native  mind. 
The  washers  belong  tx)  uu  aboriginal  trilM.*,  showing  neither  in  their 
complexions^  character  of  their  features,  nor  hair,  tlie  slightest  trace  of 
ibo  Negro  origin,  which  has  been  suggested  for  them  by  some  writers. 
Colonel  Daltou  places  them  with  tho  Uraoub  or  Dravi«iiitus.  To  thi« 
family,  it  ifi  believed,  boloug  most  of  the  diiimoud-»eeLcr»  tbrougliout 
IttdJiu 
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When  Sambalpur  was  fiually  takcu  over  by  the  British,  in  1S50,  the 
Government  offered  to  leaae  out  the  right  to  seek  for  diamonds,  and  in 
1856  a  notification  appeare<l  in  the  "  Garotte  "  describing  the  proppoct  in 
Boroewhftt  glowinitf  terms.  For  a  short  time  the  lease  wua  held  by  a 
European,  at  the  very  low  rate  of  Ra.SOO  per  annum  ;  htit  ju?  it  wn«  j^rtvon 
up  voluntarily  it  may  be  concluded  that  the  lessee  did  not  make  it  pay. 
The  fact  that  the  Govemment  resumed  possession  of  the  rent-free 
villages,  while  the  Raja's  operatiouR  bnd  been  carric*!  on  without  any 
origiual  outlay,  muteriully  altered  the  case,  and  rendore<l  theeniploynu^nt 
of  a  considerable  amount  of  capital  then^  as  it  would  be  now,  au  abfloluto 
neceasity. 

Witliin  the  jMist  few  years  statements  hatro  gone  the  round  of  tha 
Indian  i)a|Xir8  to  the  effect  that  diamonds  are  now  occasionally  found  by 
be  g'old-washcrs  of  Sambalpur.  Iteccnt  local  inquiries  failctl  to  elicit  a 
Bn^le  autheutic  case,  and  the  gold-waahcrs  asscrtwl  that  these  Mul^nicnts 
were  incorrect.  Moreover,  tiiey  do  not  appear  to  expect  to  find  any,  as 
they  do  not  even  examine  the  gravel  when  washing.  They  appear  in 
fact  to  have  forj^)tten  the  art. 

Ohanda  District:  Waihaoarii,  Lat.  ZO"  W;  Long.  80'*  10'  (A.S., 
73).— The  diamond  mines  at  tJiis  locality,  which  is  situated  alnuifc 
80  miles  to  the  south-east  of  Nagpur,  arc  of  considerable  antiquity. 
Tlieir  identity  with  the  mines  of  Beiragarh^  mentioned  in  the  "  Ain-i* 
ikbari/'  *  has  heen  fully  cstablishe»l,  and  it  in  not  improbable  that  t-hcy 
ay  have  been  those  which  were  taken  possession  of  in  14JJ5  by  Ahmctl 
Shah  Walli  Bhamuni,  according  to  Ferishta's  history.*  Whether  they 
arc  exactly  identical  with  the  mines  on  the  Vena,  i.e.,  Waingungn,  men- 
tioueil  in  the  Brhat  Sanhita,  which  is  supposed  to  have  been  written  in 
the  6th  century,  it  is  impossible  to  say  ;  but  it  is  certain  that  Uenncll 
and  Karl  Bitter  were  at  fault  in  attempting  to  locate  B<rirag«irh,  the 
former  in  Sambalpur  and  the  latter  in  Bcrar  proper,  wc^t  of  the  Wain- 
gunga,  unmindful  that  Beiragarh  in  Goudwana  was  territory  conquered 
by  and  in  possession  of  the  lUjas  of  Berar. 

Tliese  mines,  the  remains  of  which  arc  still  to  be  seen  on  the 
Sath  river,  a  tributary  of  the  Kophraguri,  whicli  is  itself  a  tributary  of 
the  Weingunga,  are  mentioned  first,  so  far  as  Knglish  rei-ords  are  con- 
cerned, by  Mr.  R.  Jenkins  in  his  report  on  the  territories  of  the  Kaja 
of  Nagpur.^  He  states  that  they  were  formerly  celebrated,  but  in  his 
time  did  not  yield  suflScient  returns  to  make  them  worth  working.    The 

»  Oljuiwin'f  Tmntlation,  Lomtnn,  1800,  Vol.  11,  p.  58. 

•  E<1,  by  J.  HrJ^|f«.  LotHlow,  1810.  Vol  II,  p.  iie. 

•  Calcutta,  1827,  p,  14. 
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diamonds  were  found  iu  yellowish  earth  (laterite),  forming  small  hills. 
To  this  account  Mr.  T.  Wilkinson,  who  succeeded  Mr.  Jenkins  as 
Residenti  adds*  that  during-  the  reig^n  of  Raglioji  Bhonsla  the  mines  were 
worked  at  cousiderahle  expciise,  hut  as  only  a  few  diamonds  were  found 
they  were  finally  given  up. 

The  Revd,  Messrs.  llislop  and  Hunter,  in  their  well-known  paper,* 
descrihing  the  formations  of  the  Central  Provinces  of  India,  mcrelj 
say  that  the  matrix  of  the  diamonds  at  Wairagarh  is  a  Interitic  grit,  the* 
only  rock  in  its  vicinity  heing  quartzosc  and  metamorphic.  Hence  they 
argue  that  Malcolmson,'  and  after  him  Newbold,  were  wrong  in  infer- 
ring the  identity  of  the  sandstones  of  Central  with  those  of  Southern 
India  from  the  supposed  occurrence  of  the  diamond  in  the  former,  and 
they  enlarge  upon  the  fact  that  most  of  the  diamond-l)eariug  deposits^ 
though  resting  on  rocks  of  various  ages,  are  merely  superficial  and  recent ; 
and  that  therefore  the  diamond  does  not  afford  a  safe  g^^ide  for  correla- 
ting the  older  rocks. 

The  whole  disenssion  shows  misconceptions  on  both  sides  which  our 
present  knowledge  enables  us  perhaps  to  clear  up.  It  is  quite  true  that 
the  sandstones  of  the  Central  Provinces,  which  are  referred  to,  are  not 
of  the  same  age  as  those  of  Southern  India  which  accompany  the 
diamond-bearing  strata.  They  are  in  fact  very  much  younger,  and 
Messrs.  Hislop  aud  Hunter  were  no  doubt  correct  in  asserting  that 
the  diamonds  found  in  the  lateritie  gravel  had  nut  l^een  derived  from 
them.  But  the  mention  of  quartzose  metamorphic  rock  confirms  what  is 
independently  likely,  namely,  that  the  great  basin  of  Lower  Vindhyan 
or  Karnul  rocks,  which  occupies  the  upper  portion  of  the  Mabanadi 
Valley,  stretches  into  the  neighbourhood  of  Wairagai'h,  and  it  may 
tberefore  be  suggostetl,  with  a  considerable  degree  of  probability,  that 
the  ultimate  derivation  of  these  diamonds  is  from  a  stratum  occupying 
a  horizon  identical  with  that  which  constitutes  the  matrix  of  the  Sam* 
balpur  diamonds,  and  as  that  in  a  general  way  has  alrea<.ly  been  cor- 
related with  the  diamond  horizon  in  the  Karnul  rocks,  the  theories  of 
both  sets  of  observers  contained  hypotheses  j)artly  correct  aud  partly 
erroni.'ousj  the  correct  portions  respectively  suj»i)ieraenting  one  another. 
Malcolmson  and  Newbold  were  right  iu  supposing  that  the  dtiimonds 
of  Waii-agarh  indicated  the  existence  of  rocks  of  the  same  age  as  those 
of  Southern  India  (the  Karnul  formation)  ;  but  wer^  wrong  in  sup- 
posing that  the  fossiliferous  sandstones  which  they  referred  to  included  tht 

'  CuloutU  Jotir.  of  Nftt.  HtKt.,  Vol.  Ill,  p.  290. 
>  Quar.  Jour..  Gwl.  Soc,  LoiiU..  Vol.  XI,  p.  966. 
t  Jvur.,  Buoibiijr  Dr.  Hoy.  A*.  Soc^  Vol.  1.,  p.  W>, 
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aouree  of  the  gems.  On  tho  other  hand ,  Me«r«.  H  ialop  and  H  unt«r,  while 
pointiiiof  oiit  the  lattor  mistake,  did  not  realise  the  existence  of  another 
formation  close  by  from  which  the  getn»  probably  did  originally  come. 
They  seemcil  to  regard  tho  diamonds  both  here  and  elsewhere  through- 
out India  as  being  a  product  of  superficial  deposits  without  reference  to 
the  nature  of  the  l>eds  U|)on  whi<rli  they  rested. 

The  latest  visitor  to  these  mines,  who  has  publislied  any  account  of 
(hem,  is  Mr.  Beglar,»  but  his  notice  is  a  merely  incidental  one.  He  says 
that  the  old  workings  are  shallow  pits  which  cover  but  a  small  extent 
of  ground. 

The  examination  of  the  geological  fitructure  of  this  neighbourhood, 
nod  a  comparison  of  it  with  that  of  the  Mahauadi  region  above  Sambal- 
pur,  bos  still  to  be  accomplished.  If  the  stratum  from  which  the  diamonds 
have  ultimately  been  dcriverl  should  be  identiHed,  and  if  its  lateral  oxten* 
sion  should  prove  to  be  coincident  with  that  fif  the  Vindhyan  or  Karnul 
roi'ks  of  this  region,  thou  we  shall  have  a  diamond  tract  tnjual  in  area,  if 
not  gn-at-er,  than  those  of  either  Karnul  or  Bundelkhand. 

Bundelkhand. — ^Thc  mines  of  Bunddkhaud  are  generally  known  as 
the  Panna  mines,  but  in  this  accuuut  it  will  bo  tieoessary  to  distinguish 
the  mines  near  the  town  of  Panna  from  those  which  ara  situated  io 
other  parts  of  the  province.  The  following  list  by  no  means  includes 
the  names  of  all  the  places  wlx-re  there  are  diamonds,  but  it  would  be 
oselcas  to  acid  to  the  number,  as  those  scleoted  are  8uffici<Mitiy  repres«n» 
tative.  They  are  Panna  (<>r  Puimab),  Kamari}a,  Brijpur,  Majgoha, 
Udesna,  Sakoiiya,  Baghin,  Myra,  Etwa,  Bargari,  Sayn  Luchmanpur,  &o. 

The  duimond  bed  proper,  which  is  a  conglomerate,  belongs  to  a  group 
at  f^     '  f  the  Lower  Rewah  division  of  the  Upper  Vindhyans,  which 

is  d  lied  :i8  the  Panna  shales.     Outlying,  uncovered   and  partly 

denuded  ]>atches  of  these  ntaii^  sometimes  occur  as  remnants  of  old  spurs 
from  the  tJibleland.  Occurring  thus  without  the  usual  covering  of  sand* 
stone  which  is  found  on  the  tableland,  early  observers  were  puzzled  to 
aoeoont  for  the  apparent  difference  in  mode  of  occurrence,  and  thus  some 
confusion  arose  in  tli« :  ut«. 

No  very   large  «Ji  appear  to  have  biHjn  found  here,  but  the 

quality  is  good  j  the  crystalliuo  forms  arc  usually  simple  octoheilrons  or 
dodei'abc<lrons. 

Panna,  Lat.  24'  43'  30'  N. ;  Long.  80'  15*  E.— The  mines  which  are 
situated  about  2  or  3  miles  to  the  north-cast  of  Panna  have  beei  fre* 
qucntly  visited  and  described  *  during  the  present  century. 

•  Report  on  the  Archwologiciil  Snrvcy  of  Illdu^  Vol.  VII,  p.  129. 

«  1813.— Hamilton.  Dr.  F.  Edln.,  PhU.  Jour.,  Vol.  I,  p.  49:  1826.— PoifK)ii,  C«pt 
^^'   *'      Tlistorjof  Booodsks,  CalcutU.  p.  l$d  r  1827.— FnmkUn,  Capt.    Traw.  lioy.  Ak 
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III  Captain  Frauklin's  time  the  mines  nt  this  Kxrnlity  stood  next  in 
esteem  to  those  at  Kninariyn.  Mr.  Medlicott  g-ives  the  followin*: 
account  of  tbem.  At  the  time  of  his  visit  the  minere  had  not  ^ot  ilowti 
to  the  d iam •  I D(l- bearing  stratum,  which  is  not  kid  bare  till  about  March 
in  each  year  : — 

"  llie  rock  diggings  near  Panna  do  not  cover  a  surface  of  more  tlian 
20  acres  ;  they  are  on  a  low,  fiat,  rising  ground  at  the  base  of  tlie  sIojm* 
from  the  Kymore  scarp  ;  there  were  five  or  six  pits  in  progress.  The 
section  is— 3  feet  of  soil,  on  a  smooth  surface  of  boulder  clay;  thi^ 
latter  contains  large  and  small  rounded  boulders  of  sandstone,  possibly 
the  remains  of  masses  fallen  from  the  retreating  cliff  of  the  Rewah 
ridge ;  its  thickness  is  very  variable  from  2  to  ]  51  feet,  due  to  the  uneven 
surface  of  the  subjacent  rock ;  pebbles  of  the  laterite  iron  ore  are  common 
along  the  bottom  of  the  boulder  be<l. 

'*  The  top  3  feet  of  the  hard  rock  looks  more  like  a  reconstruction 
of  materials  than  a  rock  in  »Uu,  It  is  an  irregular,  streaked  mass  of 
clay,  with  occasional  strings  of  broken  grit  bands;  the  crushing  action 
which  is  80  manifest  in  these  upper  layers  extends  itself  to  those  below ; 
contortion  and  fracture  on  a  small  scale  are  evident  throughout." 

These  appearances  are  considered  to  bo  due  to  the  falling  of  heavy 
masses  of  rock  from  the  cliff  face,  which  formerly  existed,  as  it  was 
undermined  from  below. 

In  the  Panna  mines,  although  the  diamond  seam  is  deeper  tlian  else- 
where, owing  to  the  broken  nature  of  the  overlying  strata  it  is  not 
vcm^hed  l)y  a  shaft,  but  the  miners  go  to  the  immense  labour  of  excavat- 
ing great  pits,  25  feet  in  diameter,  and  often  over  30  feet  deep,  for  the 
Bake  of  the  small  patch  of  diamond  conglomerate  thus  uncovered,  which, 
according  to  Captain  Franklin,  is  frequently  not  more  than  a  span  thick. 

The  system  of  mining  in  practice  at  Panna  will  easily  be  underetool 
from  the  illustration,  Plate  I,  by  Mr.  Jules  Schaumburg,  who  visited  the 
mines  with  M.  Rousselet  in  the  year  1867,  The  almost  naked  mineiia 
^nter  the  pit  by  an  inclined  plane  and  work  knee-deep  in  water.  The 
•tones  and  mud  which  they  excavate  are  put  into  small  baskets  which 
are  drawn  up  by  hand.  The  Persian  wheel  turned  by  f«>ur  bullocks  is 
insufficient  in  power  to  thoroughly  drain  the  place.  The  illustration 
represents  the  band  of  earthen  vessels  by  which  the  water  is  lifted. 


Sooy..  VoL  I,  p.  277 :  1829.~The  Mine :  As.  Rmh  Vol.  XVIII.  p.  100 :  1830.— Jacqiumone ; 
Vf»5*ge  daof  I'lmle.  Tome  I,  p.  899 :  1883.->Ananyinoa§:  Intiiaii  Uvrleir.  Vol  III,  p.  119: 
1840.— AtUm,  Dr.  J. :  Joar..  As.  Soc.,  Bimg«U  Vol  XI.  p.  899 :  ISflO.— M«iUieott.  H.  B. :  U«m.» 
0.8.  U  Vol  II,  p.  66:  1874.— lCoiiM.<U't  M. :  L'lnJc  iIcb  Knjahs  pp.  411-443  1874w~ 
N.  W.  V,  OuciiMr,  I.  p.  566  .  1877— VV,  L.  W.llMn  :  M.  8.  Kvport. 
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11ic  ^tuif  on  rcfichiiij^  Uie  surface  is  placed  on  stone  slabs  nnd  is  searched, 
the  8ettrehei&  bciu^  under  tlic  charge  of  gunrdH,  a«  arc  al»»<>  the  miinTn. 

Kavariya. — The  mines  eituated  in  the  vicinity  of  the  aU)venained 
Tillage  are  described  by  several  authorities/  ITie  following  by  Mr. 
Hacket  is  the  most  complete  account  :— 

"  The  diamond  stratum,  locally  called  kakrVf  ronfitsts  of  a  conglome- 
ratic gandstone  maile  up  of  jwibblcs,  one-clg-hth  to  one*huIf  inch  diatneter, 
imbedded  in  a  rather  fine  matrix,  which  also  includes  clay  gulls,  llio 
lower  Rewah  sandstone  hero  stretches  out  a  considerable  distance  in 
front  of  the  scarp,  and  the  pit  was  just  on  the  northern  edge  of  this 
terrace,  some  20  feet  l»elow  the  summit,  and  itself  about  10  feet  deep. 
On  the  top  of  the  diamond  bed  was  a  foot  or  so  of  hnrd  thin  flaggy 
sandstone,  and  about  7  feet  of  the  game  mixed  with  shale.  A  liltlo 
further  to  the  south  and  west,  on  this  terrace,  was  an  old  pit  between 
20  and  40  feet  deep,  but  the  bottom  was  fillod  with  w^ter,  so  that  the 
rocks  immediatidy  above  the  diamond  Ixtl  could  not  be  seen ;  there 
were,  however,  certainly  10  to  15  feet  of  shale  between  it  and  the  lower 
Rewah  sandstone.  In  all  the  pits  examined  there  must  have  been  10 
to  20  feet  of  shale  intermediate.  The  Pannas  are  hero  very  thin,  so 
that  this  position  is  not  much  above  the  top  of  the  Kaimurs  (the  lowest 
group  of  the  Upper  Vindhyans).  Tliort?  are  some  small  outlying  hills  to 
the  north  at  the  village  of  Bungla  and  north  of  Uabupur.  The  fivrmcr 
is  about  50  feet  high,  with  Kaimurs  at  the  base,  then  15  to  JO  foot  of 
shale  capped  in  turn  by  the  lower  Ucwah  sandstone;  thia  was  the  only 
outlying  hill  in  which  the  shales  were  eeen  (on  account  of  the  northern 
overlap).  A  few  hundred  yards  to  the  north-east  another  little  hill  has 
been  excavatc<l  in  every  direction  by  the  old  diamond  scarehors.  Again, 
nt  Babupur  are  numerous  old  pits,  and  some  sufficiently  well  preserved 
to  admit  of  examination.  They  are  about  1 5  feet  deep  exposing  sand- 
stone with  thin  flaggy  beds  at  the  top,  but  no  shales. 

"A  bed  of  fine,  brown  sandstone,  including  fragments  of  a  green 
silicious  rock,  and  bits  of  red  and  green  shale,  was  traced  from  13um- 
|bhcn  to  Kissengnrh,  which  is  not  impossibly  the  continuation  of  the 
diamond  bed  ;  that  the  natives  do  not  work  to  the  east  is  no  proof  that 
the  beds  do  not  continue  in  that  direction.  This  is  evident  from  the  fact 
of  there  being  no  pits  at  Bangla,  notwithstanding  that  tlie  hills  all 
round,  even  to  the  north,  have  been  extensively  worked.  It  is,  there- 
fore, almost  certain  that  at  Bangla  the  diamond  bed  exists  though 
untouched." 

>  PrRnkUn,  Ctpt.:  At.  B«.,  Vol.  XVIII.  p.  106t  McdUcott,  H.  B.rMcm...  0.  S.  I., 
Vol  II. 
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Owing  to  there  being-  a  strong  roof  here  it  is  possible  to  excavate  for 
some  distAnee  from  the  sides  of  the  pit  with  safety.  Tlie  oceurrenee  of 
green  pebbles  is  considered  to  be  a  good  sign  of  the  presence  of  diamonds 
according  to  Frankh'n. 

Mr.  Medlieott  notices  the  transition  of  the  conglomerate  from  its 
position  among  tlic  shales  to  its  condition  as  a  pure,  fine  sandstone 
conglomerate. 

In  reference  to  the  extension  of  the  congloraerate,  he  remarks  that 
fi*ora  the  nature  of  the  case — its  occurrouco  among  fine  beds — it  has 
per  te  a  precarious  existence.  He  finds  it  diflicult  to  determine  the 
reasons  why  the  deposit  has  not  been  worked  in  some  localities  as  at  the 
base  of  the  hills.  In  some  cases,  in  the  outlying  patches,  the  margin  of 
tho  deposit  has  been  reached  ;  in  others  it  may  have  died  out ;  (he  latter 
state  of  things  might  be  readily  ascertained  were  a  few  trenches  dug  in 
selected  localities. 

BiujPUR.' — Regarding  the  mines  at  this  locality,  which  differ  essenti. 
ally  from  those  jtist  descri}>ed,  both  Captain  Franklin  and  Mr.  Medlieott 
have  written.  The  latter  says^ :—  "To  the  east  of  Kamariya  the  position 
and  form  of  the  Kakru  becomes  modified  just  west  of  Birjpur ;  it  is  a 
2  feet  bed  of  clear  conglomeratic  sundstone,  resting  on  the  strong 
beds  of  pure  sandstone  and  is  worked  at  the  surface ;  the  le<lge  which 
it  caps  presents  an  abrupt  ridge  along  the  right  bank  of  the  Boghin, 
and  to  the  south  rims  into  the  hill«,  being  apparently  a  flat  spur  and 
not  an  outlier.  On  the  east  slope  of  this  spur  these  sandstones  are  seen 
to  overlie  some  20  feet  of  the  variegated  shales." 

The  position  of  this  deposit  is  said  to  be  somewhat  puzzling,  as  there 
is  but  one  conglomerate,  and  it  seems  to  be  continuous  though  it  rises 
in  the  section  from  west  to  east.  The  pebbles  do  not  vary  in  character 
while  the  matrix  does. 

On  the  accompanying  map  (HI),  the  positions  of  numerous  mines 
are  indicated,  but  with  the  exception  of  those  just  mentioned,  which  arc 
more  or  less  appropriately  termed  Ghaira,  deep  mines,  all  are  in  suixjr- 
ficial  accumulations  of  detritus,  not  in  tho  old  original  conglomerate, 
Tho  term  chila  appears  to  be  restricted  to  the  mere  surface  scratchings 
as  distinguished  from  tho  pits,  whether  in  the  rock  or  in  the  accumu- 
lated masses  of  detritus. 

Majqoiia  ok  Majgama. — Thia  is  the  most  western  point  in  the  are* 
where  diamonds  are  known  to  occur.    Their  mode  of  occunenoe  tUero 
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loo  is  somewhat  unusual.  It  Laa  been  deBcrilNHl  hy  Captaiu  Fnmklin 
and  Mr.  Medlicott. 

7'he  former  descnbes  the  site  of  the  roiuo  to  be  in  a  htige  basin  like 
an  inverted  ooue,  100  yards  wide  and  al'out  100  feet  deep.  Two-third>» 
of  the  basin  are  filled  with  a  green  mud  containing  a  calcareous  matter, 
and  with  a  thick  covering"  of  calcareous  tnff.  The  diamonds  occur  lu 
the  green  mud,  and  the  natives  whose  appliances  do  not  admit  of 
their  ^oing  below  a  depth  of  50  feet,  say  that  the  diamonds  become 
more  abundant  as  a  shaft  descends.  Captain  Franklin  considers  this 
and  the  deposit  in  the  Baghin  valley  as  being  places  in  which  an 
improved  system  of  mining  might  be  appUed  with  good  effect. 

Air.  Medlicott  soys  of  it  :— 

"The  filling  in  is  certainly  peculiar :  the  structure  is  like  coarse  foli- 
ation, a  net-w*ork  of  strings  of  ealc  spar,  inclosing  lamin»  and  small 
lumps  of  green  clay. 

"  In  the  only  hole  I  saw,  they  were  working  the  yellow  clay  from 
the  crevices  of  this  ;  but  the  men  told  me  that  nl  a  greater  depth  there 
are  alternating  layers  of  green  mud,  and  vi  its  mixture  with  calc  spar 
in  which  diamonds  are  found." 

UDESNA.^Tlie  matrix  here,  which  consists  of  pebblea  and  lK)ulder8 
under  an  irregular  thickness  of  yellow  clay,  containing  both  kunkur  and 
laterite,  does  not  require  to  be  broken  up,  the  clay  being  separable  readily 
by  washing,  but  the  yield  is  not  so  certain  as  it  is  in  tlie  old  conglo- 
merate. 

Sakehita.—^A  description  in  the  "North-west  Provinces  Gazetteer,'*' 
quoted  from  Pogson's  Boondelas,'  gives  a  very  incorrect  account  of  the 
mines  of  this  locality.  It  is  stateil  that  the  diamonds  are  found  l^elow 
a  stratum  of  rock,  15  to  20  feet  thick,  which  takes  the  natives  months 
and  even  years  to  cut  through  with  their  chisels,  the  rock  being  rendered 
friable,  by  lighting  tires  upon  it.  It  is  probable  that  this  description 
really  referred  to  some  other  locality  where  thcno  were  roclc  mines,  jyossi- 
bly  Kamariya. 

Both  Captain  Franklin  and  Mr.  Medlicott  give  very  different  accoimts 
of  it.    Tliat  by  the  latter  is  as  follows  ; — 

"  As  at  Udosna,  there  is  a  variable  depth  of  clay,  the  middle  third 
being  kunkary  and  the  lower  lateritic ;  below  this  the  clay  becomes 
charged  with  gravel,  pebbles,  and  boulders,  these  rapidly  increasing  in 
■izo  to  great  angular  blocks  of  sandstone,  scarcely  moved  from  their 
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original  l>eds ;  it  is  from  between  these  Umt  the  best  etiiff  is  got,  a 
stiff  unctnons  chiy,  mth  quartz  gravel  through  it.  Above  these  deep 
pits,  which  ure  never  far  from  the  stream,  and  well  up  on  the  slope  of  the 
R<?wah  fsandstone,  there  are  di^rering-s  in  the  surface  lateritic  gravel. 

BAcmiN  OR  Bag  HE. — Mr.  Medlicott's  description  of  the  mines  at  this 
locality  is  as  follows  : — 

''  At  the  upper  end  of  the  gorge  of  the  Baghin  river  there  arc  two 
foils  of  200  feet  each,  and  there  are  workings  throughout  the  whole 
length  to  Kttliujar.  The  principal  diggings  were  at  the  lower  end  of 
the  inner  valley  ;  they  were  removing  some  12  feet  of  dark-brown 
clayey  sand  to  get  at  the  boulder  bed,  in  the  base  of  which  the  diamonds 
are  foutid,  but  both  here  and  below  the  narrow  gorge  the  gravel  at  the 
surface  of  tbe  river-bed  is  mucb  worked.  The  natives  spoke  to  me  of  a 
European,  who  some  twenty  years  ago  had  made  an  attempt  at  mining 
on  a  large  scale.  His  diggings  were  on  the  flanks  of  the  limestone 
hill,  some  60  or  100  feet  over  the  river,  tlie  ore  being  a  jasper 
gravel  gathered  from  the  deep  surface  crevices  of  the  limestone.  As 
well  as  I  could  understand  their  pronunciation,  the  man's  name  was 
Berkeley,  but  I  have  not  seen  any  written  account  of  his  experiment  ; 
the  remains  of  his  w.ash-pit8  and  picking  floors  are  there  still."  This 
European  was  possibly  Captain  Pogson,  who  deseriljes  his  operations  at 
this  very  spot.  Uc  himself  found  two  small  diamonds  which  the  labour* 
ers  considered  augured  well.  But  his  mine  was  flooded  and  soon  aban- 
doned as  he  had  to  join  the  army  on  the  breaking-out  of  the  Pindari  war.* 

Other  mines  are  situated  at  Myra  or  Maira,  Etwa,  Borgori,  &c. 
Pogson  also  says  that  diamonds  have  been  found  in  Kalinjar  and  close 
to  the  bill.> 

Sata  Lachmanpur. — At  a  place  of  this  name,  on  the  summit  of  a 
hlllcalle*!  Bindachul,  about  14  miles  from  Paunaaudin  Pargana  Badausa, 
of  the  Banda  district,  there  is  a  diamond  mine,  of  which  one-eighth 
only  belongs  to  the  Government,  and  this  jwrtion  is  leased  for  Us.  125  per 
annum.*  As  it  is  believed  that  no  revenue  is  drawn  at  present  from  the 
mines  in  Southern  India,  this  one-eightli  of  a  mine  enjoys  (he  nni«pie 
position  of  yielding  the  sole  contribution  from  diamond  mines  towards 
the  finnnces  uf  British  India. 

Mr.  Medlicott  declines  to  believe  in  the  instinct  of  the  natives  as 
evinced  by  the  capricious  distribution  of  the  surface  diggings  in  Bundel- 
khand.    There  are  many  valleys  in  which  the  relation  to  the  nndcrlying 

V  of  Ilonnd^lMt,  p.  170. 
'     .s.  of   Ik)i>ndvliM,  i».  170  ;   *n«l  N.  W.  V  (Ift/(-lt<'*»r,  Vol.  T.  p.  UO. 
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rocks  is  such  as  to  maki':  it  almost  ecrtAin  that  the  alluvint  drposit^  contnin 
diauioudfl,  and  yet  tber»i  art*  no  traces  of  workings.  On  the  other  hand, 
some  of  the  workioj^  proTo  the  former  extended  range  of  the  rock  matrix 
which  has  been  broken  iip  \>y  denudation. 

The  following  anonymous  account  of  the  Panna  mines  whidi  Memii 
to  be  well  worthy  of  reproduction,  has  been  extracted  from  an  Indian 
newspaper  :— 

*'  The  finances  of  the  Maharaja  are  principally  derivtHi  f ixmi  iuh  dia- 
mond and  iron  mines,  and  the  followin*^  particulars  as  to  how  the  mine* 
are  worked  will  prove  interostin}^' 

"  In  gruntiuj*  licenses  to  natives  tiic  invuriiil;lc  rule  of  the  Raja  is  to 
restrict  the  claim  to  diamonds  below  six  rafin  in  weight,  on  which  a 
jiercentage  of  Hs.  25  or  upwards  is  charged.  The  party  is  then  allowed 
to  search  in  any  spot  within  the  territory,  excepting  such  aa  are  giv. n 
to  Hralimina  for  sacred  puri>osca  or  are  reserved  for  the  Ranis  or  othrr 
relatives  of  the  Cliief.  The  mines  of  Kahmura  (or  Kamariya)  and  Panna 
are  the  most  celebrated,  and  are  excavated  to  a  depth  of  from  15  to  50  feet. 
They  lie  within  the  bounds  of  the  rocky  matrix.  Those  at  Majgaum 
have  also  been  very  imi>erfeetly  used,  the  mining  not  going  l>clow  50 
feet,  at  which  dejith  the  water  overflows,  and  the  IttudnrH  (or  masters  i»f 
the  mines)  arc  compelled  to  stop  at  this  limit  for  want  of  a  methfid 
to  pump  them  dry.  *t\w.  chiia  and  superficial  mines  are  to  be  trace<l  ull 
over  the  diamond  traet,  manual  labour  ln-ing  cheap,  as  the  |voorest  sub- 
jects of  the  State  work  tlicm.  From  the  commencement  of  the  rains  to 
the  beginning  of  the  cobl  season  the  mining  giies  on,  since  a  plentiful 
*;upply  of  water  can  Ik»  had  in  ull  parts  of  the  State — an  article  highly 
necessary  to  facilitat^j  the  search,  as  tJie  matrix,  after  being  dug  out, 
i5  pW'cd  by  small  quantities  in  a  trench,  and  then  wiishc^d  t^t  clear  it  of 
the  clay  which  adheres  t^>  it.  A  8|>ot  on  the  surface  of  the  mifje  is 
made  smo<jlh  with  the  hand,  and  on  it  the  gravel  is  spread,  and  a  diligent 
search  made  for  the  diamondii.  Almost  three-fourths  of  the  i»eople  of 
Panna  and  the  adjaeent  villages  derive  their  living  by  working  either 
for  themsi'lves  or  as  hired  labourers  for  others.  When  employed  on  their 
own  account  it  is  not  unusual  to  hear  them  complain  of  no  luek  for 
months  and  months.  Indeed,  I  never  knew  a  native  during  the  short 
time  I  wiis  in  (he  State,  who  said  he  had  found  a  di.imond,  but  I  was 
lold  that  the  following  is  the  way  natives  carry  on  when  at  the  mines. 
The  avarice  of  the  predecessor  of  the  present  Maharaja  of  Panna  knew 
no  bounds.  The  mines  being  the  chief  sonn^e  whence  his  roveuu<?s  wei'e 
olitained,  the  native /iw^A/r.t  were  never  spai'Cil  when  they  found  diamonds, 
but  bad  the  most   imrea&oiiablo  taxes  imposed  upon  them.    Thii»  mis- 
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fhievous  Fystem,  and  the  impolitic  rule  that  all  diamonds  al»ove  six  ratit 
become  the  bond Ji tie  property  of  the  Maharaja, seem  to  have  engendered  in 
Speculators  a  vindictive  sjiirit,  not  only  to  evade  the  heavy  duties,  but 
to  cheat  the  State  of  the  produce  of  the  mines  altogfether.  Every  poor 
tnadar  has  a  petty  banker,  who  supports  his  constituents  and  his  family 
with  the  necessaries  of  life,  on  the  understanding  that  every  diamond 
found  by  them  should  Ije  sold  to  liim,  out  of  the  amount  of  which  he  is 
to  pay  himself*  In  fact,  a  fimdar  of  the  lower  order  is  but  an  instrument 
to  enable  the  mahajans  to  rob  tlie  Maharaja,  and  it  is  a  well-known  fact 
that  though  these  harpies  hoard  up  wealth  through  the  medium  of  their 
artful  constituents,  they  will  on  all  occasions,  in  order  to  evade  suspicion, 
plead  poverty  and  distress,  whilst  they  carry  on  a  clandestine  tmde  of 
diamonds  between  Mirzapur,  Benares,  Allahabad,  and  Jabalpur.  Some 
years  ago,  one  of  these  mahajans  was  detected  in  defrauding  the  State  of 
diamonds  during  a  long  series  of  years  to  the  amount  of  Rs.  43,000.  He 
was  imprisoned  and  threatened  with  punishment,  and  to  avert  this  he 
refunded  Rs,  16,t)00  and  acknowledged  having  embezzled  to  the  extent 
mentioned.  It  is  well  known  that  the  Maharaja  is  robbed  of  large  and 
valuable  diamonds  yearly.  I  believe  only  one  European  has  ever  tried 
working  at  the  Panna  mines,  and  this  was  in  1833,  when  a  license  was 
granted  him,  and  the  following  were  the  terms  in  his  license : — On 
diamonds  of  1  to  7  rafis,  15  per  cent,  on  the  value;  from  7  to  10  ralis, 
33  per  cent.  ;  from  10  to  15  rafu^  50  per  cent.;  from  15  to  20  ratis, 
GQ  percent.;  from  20  ratis  and  upwards  iond  fide  the  pro2)erty  of  the 
Maharaja,  he  having  the  option  to  reward  the  tuadars  as  he  pleases. 
The  expenses  for  working  the  mines  at  that  time  were  as  follow  ;— 

For  one  month  with  20  sets  of  labourers— 

Bs. 

30  Btldars  at  Bs.  2  per  mouth -lU 

15  WjiU<rwomoD  do.  3<) 

4  Si'poys  at  Rs.  3  U 

ImplemcDts  for  digging,  Ac. 40 

Totjd        .        .  122 


*'  It  shows  how  cbcap  labour  was  in  those  days,  whereas  at  this  time 
bildarsarc  getting  Hs.  12  and  lis.  14  a  month.  The  Eurt>iJean  (his  mime 
IB  not  given,  and  I  copy  from  an  old  Government  record)  says : — In 
embarking  in  this  enterprise  the  chief  evil  to  be  guardwl  against  is  theft. 
A  strict  eye  should  lie  kept  over  the  labourers  during  the  hours  of  their 
work,  as  they  not  only  pilfer  and  conceal  these  stones  in  the  very  mines 
thoy  are  working,  but  will,  in  cases  of  emergency,  swallow  them  !  It  is 
Mjd  that  before  the  British  supremacy  became  paramount  in  these  part?, 


Seonouiic  ueuiugj 


BUNDKLKUANO-PANNA. 


%1 


i'  "  ■  r  thu  description  have  snffcTcd  death  rather  than  crtnfe^ 

L_  ^  .  a  the  gem.H  uhich  liiivo  nfteiWHiJs  hocii  JisoovortMl  in  tlio 
asbes  0/  their  remoins 

So  fur  M  cfln  bo  tisccrtainal,  Iht;  Zinnia  ruiues  have  never  }  icUkU  anj 
diamond  of  ifmarkablo  size.  But  there  traa  be  littlo  doubt  that  vast 
quantities  of  diamonds  have  been  produced  thero  which  have  commanded 
relatively  a  higher  price  tlinn  Bni/.ilian  and  Cajie  diamonds.  Tli«  in* 
flux  of  tlie  latter  into  the  Indian  market  (»f  late  years  hai),  boweYer, 
eeriouely  depreciated  the  se1bn|^  value  of  Indian  stones,  and  but  fevr 
find  their  wuy  to  the  Cahnitta  market.  Aceonliji^  to  Dr.  Hamilton^  io 
bin  time,  1813,  a  good  many  stones  were  found  worth  from  lU.  500  to 
Bs.  I, QUO,  and  he  enys  that  the  Rnjn  had  one  snppoecd  to  be  wurtii 
iU.  50,000. 

Captain  Frank hn  states  that  the  diamonds  were  ckeeed  nnder  six 
pnnei{)al  heade  <  and  a  number  of  minor  suWiviaions  according  to  tlieir 
lusti^,  water,  colour^  freedom  from  flaws,  &c.  Of  the  first  class  called 
Lilwaja,  there  was  only  one  sample  in  I'anna  in  his  time.  Into  all  these 
particulars  it  is  perhaps  not  necesi^ary  to  enter  furtlier  here.  But  it  may 
be  of  interest  to  quote  tlie  oi>inions  of  the  various  authorities  as  to  the 
revenue  derived  by  the  Rajas  from  this  source.  In  the  time  of  Akbar 
the  value  of  the  diiimond  mines,  it  is  said,  was  8  lakhs  of  ru]>ees  a  3'ear 
(XSO,000).  And  they  also  formed  a  considerable  source  of  public  revenue 
as  well  as  of  memantile  profit  during  tlie  government  of  the  Native 
Chiefs  of  Bundclkhand  and  of  Ali  Bahndoor,  its  last  Mahmttu  conqueror. 
In  1750,  during  the  reign  of  Raja  Chuttersal,  the  duties  levied  at  Panna 
and  the  profits  from  tl»e  diamond  mines  amounted  to  4  lakhs,  £40,000,  |>or 
annum.  It  was  lulded  that  the  modern  profits  are  supposed  to  bo  com- 
|iaratively  in8ignilicaut,a«rf  are  wholly  reiiHquUAed  to  the  Native  Chief 9  ly 
the  BritUh  Qovernment,^ 

Franklin  eal iniutcd  the  produce  at  Rs.  1,20,000  |)er  annum,  of  which 
the  Panna  Raja  received  one-fourth,  other  portions  going  to  the  K;ij:is 
of  Banda,  Chirkhari,  and  Juitpur,  and  the  remniudor  t*)  the  miners,  &c, 
M.  Rousselut  estimated  the  produce  in  1S67  to  amount  to  from 
francs  l,600,0u0  to  2,000,000;  i,e.,  to  from  £tJO,000  to  £80,000,  but  it 
ia  necessary  to  caution  the  reader,  as  this  may  be,  and  proliably  is,  an  over« 
estimate.  For  the  purpose  of  clearing  up  thin  point  reference  was 
made  through  the  proper  channel   to    the   Ilaja  of  Panna,  but  it   is 

'  It  \*  ni>porotitlv  thi»  ilfH-nmrnt  which  is  printed  hi  the  Iiidinn  lt<!\iow,Vol,  III,  p,  120. 

'  Cftpiaiti  I'ogiMiu  njcntioni  four  onlj — 1,  Mottchal,  dooi-  hihI  liriMiniit ;  2,  Hamik, 
gnmxMh;  3.  Panna,  tlngod  with  omn^;  itrkil  i,  Banipat,  hltitkijih.  Hivtory  of  th« 
UoonilcliiB,  p.  109. 

*  W.  UiuDUton.    Dncription  of  Hindujitmi,  1B20,  Vol.  T,  p.  326. 
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)be  regretted  tliat  m  tbis  case,  and  also  in  regard  to  some  other  enquiries 
of  a  siuiilar  cimracter,  wluch  have  been  made  while  this  book  was  iu  pre- 
paration, no  complete  information  could  be  obtained. ' 

Diamond-Mixing  by  Europeans, — In  oider  to  give  the  foregoing 
remarks  a  practical  ajiplication  it  may  be  well  l*i  brietly  discuss  the  pros- 
pect of  dinmond-mintug  iu  India  if  imdertaken  under  European  man« 
age  men  t. 

As  has  been  already  related,  in  each  of  the  three  great  tracts  at 
Chcuniir,  at  Sarabulpur,  and  at  Panna,  attempts  have  been  made  by 
Kni-opcans  to  mine  for  diamonds,  but  in  no  instance  have  their  opera- 
tions proved  to  be  successful.  How  far  success  was  deserved  hy  the 
manner  in  wliieh  the  operations  were  carried  on  it  is  impossible  to 
state,  but  it  is  believed  tl)at  they  were  on  a  very  j^etty  scale.  Re- 
garding the  question,  however,  from  a  general  point  of  view,  it  is 
easy  to  see  that  there  are  causes  which  must  tend  to  have  an  unfavour- 
able effect  upon  the  success  of  undertakings  of  this  nature. 

In  the  first  place,  however,  it  may  be  well  to  premise  that  there  is 
not  the  least  ground  for  supposing  that  there  has  l->cen  any  real  exhaus- 
tion of  the  localities  where  mining  is  possihle.  On  the  contrary  the 
result  of  the  systematic  geological  examination  of  the  different  areas 
has  heen  to  show  that  the  diamond-bearing  strata  have  a  wider  extension 
there  than  the  actual  miners  ever  supposed,  though  not  so  wide  as 
s<>rae  writers  have  concluded,  by  a  process  of  including  the  most  distant 
UH-alities  iu  one  tract,  and  then  computing  the  total  area. 

That  the  ancient  miners  possessed  and  acted  on  a  kind  of  rule-of- 
thunib  knowledge  of  the  characteristics  of  the  diamond-bearing  strata 
in  different  tracts  respix'tively  is  almost  certain ;  but  that  they  applie«i 
such  knowledge  inductively  to  distant  tract*  is  extremely  doubtful.  The 
probability  is  that  in  each  neighbourhood  operations  were  commenced  in 
consequence  of  chance  discoveries. 

Prospecting  fai*  and  wide  we  may  be  sure  was  never  undertakeo  by 
natives,  and  it  is  doubtful  whether  there  was  any  intercourse  or  commu- 
nication between  the  workers  at  distant  hx'alitics. 

With  scientific  guidance,  backed  by  capital  and  proper  mining  appli- 
ances, it  may  appear  at  firet  sight  that  mining  by  Europeans  ought  to 
succeed,  but  from  what  has  already  been  «ud  in  reference  to  Bundcl- 
khand,  it  will  be  gathered  tliat  there  are  iu  diamond-mining  certain 


<  Sbmdil  it  be  necclved  in  time  it  wtU  bo  iucor}ior*UHl  in  nn  Mppcmlix.  The  avprug* 
aitniiat  tnluo  for  ih«>  liut  tlij«M-  y*uj%  of  the  diJiiiiuncU  foirnd  iu  tho  Cliiikluiri  St<a<iliHg  boon 
rmtiiiiiMiinilMl  to  tUu  (li'ol"jficnl  Sorvrj  hy  Uio  Tolltical  Agent,  liml  it  ainouuti  to  only 
IU.  &,56i,   of  wliich  tho  Slate  rccwYod^about  ouifflflb. 
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peculiarities  which  distiDguish  it  from  moet,  if  not  all,  other  forme  of 
corotnereial  enterprise,  the  facilities  for  peculation  in  conserpjence  of 
the  readiness  with  which  the  gem  may  ho  conveyed  is  of  course  the 
principal  of  these.  There  must  necessarily  be  a  considerable  amount  of 
individual  hand-work. 

It  would  almost  seem,  in  fact,  that  except  under  a  system  of  slavery 
the  diamond  cannot  be  worked  for  prolatably  in  India.  The  present 
system,  though  not  so  culled,  practically  amounts  to  much  the  same 
thing ;  tbe  a<:tual  operatives  are  by  advances  bound  hand  and  foot  to  the 
fiirmers  of  the  mines,  who  are  content  to  wait  for  months  together 
without  any  return  ;  their  outlay  too  is  very  small,  no  heavy  expenditure 
of  capital  being  involved. 

No  particular  Etrces  need  be  laid  on  the  fact  that  the  several 
attempts  in  Southern  India,  at  Sambalpur,  and  at  Panna  to  work  minetf 
under  Euro[)€an  management  have  hitherto  failed,  lljcse  failures  may 
have  been  due  to  causes  with  which  the  conditions  above  alluded  to  have 
nothing  io  do ;  they  may  have  resulted  fix)m  simple  incompetency, 
death,  or  sickness,  kc. 

Mr.  King,  in  writing  of  S<:iuthem  India  mines,  says  that  it  is  not  to 
be  expected  that  diamond-mining  would,  except  by  a  mere  chance,  jtrovo 
%  rapid  road  to  fortune.  But  fur  tlioso  content  with  a  slowly  paying 
occupation  and  a  hard  life,  involving  close  pi^rsonal  sufK-rviwion  of  tho 
workers,  it  would  pay,  provided  such  i)ersons  possessed  capital  sufllcieut 
tu  last  them  some  years. 

Although  the  mott  famous  mines,  those  of  the  so-called  Golconda 

region  and  of  Ponna,  now  belong  to  native  chief  tans,  with  whom  it 

anight  be  diflicult  to  arrange  any  practical  s<^^heme  of  working  by  means 

'of  British  companies,  still   tho  mines  of   Kadapah  (Cuildapah),  Karnul, 

Sambalpur,  and  Chutia  Nagpur  are  in  British  territory. 

Mmi  RKOARDiNo  Indun  Di AMOKO-SEKKiNO. — The  myth  made 
familiar  to  everyone  by  the  travels  of  Marco  Polo  and  Sindbad  the 
Sailor  is  of  great  antiquity  ;  perhaps  one  of  tJie  best  accounts  of  it  is  by 
Nicolo  Conti,  who  travelled  in  India  in  the  early  pt»rt  of  the  loth  century. 
He  says  that  at  a  place  called  AlW-niganis,  15  days'  journey  north  of 
Bizcngulia,  there  is  a  mountain  which  produces  diamonds.  The  writer' 
feeently  attem[»ttMl  to  show  that  .VrBcnigaras  might  be  Beiragarh,  the 
modern  Wuiragarh ;  that  it  was  so  is  doubtful,  but  its  identity  is 
perhaps  immaterial.  Marco  Polo  undoubtedly  referred  to  the  localities 
io  the  Ki«tna  Valley.  Nicobi  ('onti  says  that  tho  mnuntain  being 
iiif#>,i.'d  wi(b  K»'rp«'iits  it  is  iiiacccssiblc,  but  is  commanded  by  another 

'  Jmir.,  Ab,  .S>c  ,  Iktifni,  Vol.  L,  p.  43. 
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mountain  somewhat  higher.  "  Here  at  a  certain  period  of  the  year  men 
bring  oxen  which  they  drive  to  the  top,  and  having  cut  them  into  pieces 
cast  the  warm  and  bleeding  fragments  npon  the  summit  of  the  other 
mountain  by  means  of  machines  which  they  construct  for  the  purpose. 
The  diamonds  stick  to  these  pieces  of  flesh.  Then  come  vultures  and 
eagles  flying  to  the  spot,  which  seizing  the  meat  for  their  food  fly  away 
with  it  to  places  where  they  may  be  safe  from  the  serpents.  To  these 
places  the  men  afterwards  come  and  collect  the  diamonds  which  have  fallen 
from  the  flesh."  He  continues  with  an  account  of  how  other  less 
precious  stones  are  obtained,  and  this  part  of  his  description  is  that  of 
ordinary  Indian  diamond-mining. 

On  a  previous  page  allusion  has  been  made  to  the  native  belief  that 
the  diamond  mines  were  under  the  special  patronage  of  the  goddess 
JUkkshmi,  and  that  sacrifices  were  made  to  propitiate  her.  There  is  reason 
for  believing  that  sacrifices  were  made  on  the  opening  of  new  mines, 
and  probably  also  when  the  supply  of  diamonds  ran  short.  The  late 
Mr.  M.  Fryar,  when  visiting  a  stream-tin  washing  at  Maleewoon,  in 
Tenasserim,  was  requested  first  to  remove  his  boots,  being  told  that  on 
a  former  occasion  a  European  visitor  insisted  on  walking  up  to  the  stream 
with  his  boots  on,  and  that  in  consequence  it  ceased  to  yield  ore  until 
two  buffaloes  had  been  sacrificed  to  appease  the  insulted  guardian  spirits 
or  N&ts  of  the  place. 

This  is  scarcely  a  suitable  place  for  fully  illustrating  this  subject,  but 
the  following,  if  put  side  by  side  with  Nicolo  Conti's  account,  so  com- 
pletely explains  it  that  it  will  perhaps  be  suflicient  for  present  purposes. 

Dr.  J.  Anderson,  in  his  report  ^  on  the  expedition  to  Yunan,  describes 
having  witnessed  the  sacrifice  of  two  buffaloes  by  the  Kakhyens  to  the 
Nftts  or  evil  spirits.  The  animals  having  been  slaughtered  on  two  bam- 
boo altars,  were  cut  up  and  the  meat  distributed,  certain  portion*  with  cooked 
rice  being  placed  on  a  lofty  bamboo  ecaffolding  for  the  ute  of  the  Ndtt,  It 
goes  without  saying  that  birds  would  help  themselves  to  these  offering^. 

Credulous  travellers  in  early  times  might  very  possibly  have  supposed^ 
on  witnessing  such  a  preliminary  sacrificial  rite,  if  at  a  diamond  mine,  that 
it  was  an  essential  part  in  the  search  for  diamonds,  and  it  would  not  require 
any  very  great  stretch  of  Oriental  imagination  to  build  up  the  fable  on  such 
a  substratum  of  fact.  The  b^uuboo  scaffolding  in  all  probability  represents 
the  machine  mentioned  by  Conti. 

Graphite  or  Flumbago :  General  Rehabks. — ^Pure  graphite,  as 
found  native,  contains  from  95  to  99  per  cent,  of  carbon.  The  commercial 
values  of  the  different  qualities  ordinarily  found  depend  upon  the  amount 

»  Calcutto,  1871,  p.  40. 
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of  impurity  which  tliey  inchide.  Foreign  matU^rs  cxin  be  «^t  rid  of 
by  g^rinding',  washing',  iiud  the  use  of  ot'ids,  nnil  the  piirilitHl  product 
may  W employed  for  ull  the  purposes  to  which  g-raphite  is  applied,  hut  tho 
process  is  costly,  m  the  smallest  {larticles  of  grit  are  injurious.  Formerly 
pencils  were  almost  exclusively  sawn  out  of  the  fine-grnined  moBstvo 
qualities,  £ueh  as  that  produced  iu  the  now  exhausted  mines  at  DurrowdaIe« 
in  Cumberlauil. 

llie  former  high  value  which  this  ».till  valuahle  substance  po^sesscMl 
b«8  no  doubt  been  the  cause  of  much  of  tho  importance  with  which 
deposits  in  various  parts  of  India  liuve  been  temporarily  invesied.  The 
Only  one  of  tbeeo,  save  jMiswil»Iy  (hat  nt  Vizapiputnrn,  which,  taking^ 
into  consideration  it«  (juautity  and  the  means  of  tranF|>ort,  is  of  any 
present  promise,  is  that  which  occurs  over  a  wide  tract  in  Travancor. 
Although  the  opinions  of  experts  many  years  ago  w«fre  unfavourable,  it  ii> 
eouccivable  that  an  incrcmsed  demand  and  improved  and  more  economi- 
cal methods  of  purification  might  render  its  exploitation  a  proHlAble 
undertaking.  At  the  same  time  the  possibility  of  further  search  provinj* 
the  existence  of  a  ipiality  equal  to  the  Ijctter  kinds  found  in  Ceylon 
OJinnot  be  denied,  as  the  probability  is  that  the  including  rocks  are  uf 
identical  age. 

At  the  present  day  nearly  all  the  plumbago  of  commerce  comes 
from  Ceylon.  It  is  classified  under  three  heads,  the  prices  of  which  ID 
the  London  market  on  the  11th  March  lh8l  were  as  follows: — 


Lump 

Chip 

l)u«t 


£17-10  tf.  £]',)  |HT  (on. 
£10-10  to  £11    „     .. 
£  8-10  *o  £10    „    H 


Although  graphite  occura  iii  many  parts  of  tho  Unitc<l  SUlcs,  il  i? 
only  rained  successfully  at  Ticonderoga  in  tho  State  of  New  York. 

It  may  be  of  interest  here  to  enumerate  the  prineipjU  uses  t(»  which 

this  substance  is  put.     It  is  used  in  the  manufacture  of  pencils,  crucibles, 

^fitonc  or  grate  polish,  as  a  lubricator  for  machinery,  elcctrotyping,  Uiwn 

for  moulds  or  foundry  facings,  refractory  mixtures,  and  for  giving  a 

protecting  surface  to  the  interior  of  bhnving  cylinders  in  blast  furnaci's. 

The  pencils  of  the  present  day  are  made  by  mixing  very  finely  divid- 
ed graphite  with  a  particular  kind  of  clay  in  varying  proportions  accord - 
ling  to  the  shades  required.  Tliere  is  nmch  adulteration  in  the  bhirk 
ieads  commonly  sold ;  but  for  information  on  these  subjects,  and  on  the 
various  processes  employed,  refercuco  may  be  made  to  the  usual  text- 
1>ooks. 

Madras:  Travancore  State.— Tuivanpuam,  Lat.  8  So  N., 
Long.  TT^'E. — Tho  first  discoverer  of  the  cxibteucc  of  graphite  in  Travan- 
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core  nppcars  to  liave  V*ecn  General  Culkn,  who  in  1845'  traced  it  in  thcr 
gneiss  Boiilb  of  Trivandnim  uorthwaiuls  as  far  as  Cochin.  Some  saraplcbv 
which  were  forwaiiletl  to  the  Asiatic  Society  from  a  locality  south  of  Tri- 
vandram,  were  considered  hy  Mr.  Piddington  to  be  too  soft  and  scaly  for 
the  inauufacture  of  pencils,  i,^.,  by  the  old  niethod.  The  matrix  appears 
to  be  a  psendo  lateritc  formed  of  decomposed  gneiss  in  »iiu.  One  speci- 
men now  in  the  Geological  Musenm  is  covered  with  a  salt  efflorescence, 
and  certainly  it  may  be  said,  judg^n^  from  the  various  original  samples  iu 
the  collection,  that  without  much  grinding  and  washing  they  could  not  be 
uimle  available  even  for  the  inferior  purposes  for  which  graphite  is 
i'rnjdoyed.  Samples  from  this  locality,  Vizagapatam,  and  Almora  were 
exhibited  in  London  at  the  exhibition  of  1851. 

In  a  subsequent  eoramunication  General  CuUen  describes  his  further 
efforts  to  open  np  one  of  the  deposits  and  prepare  large  samples  for 
despat-ch  to  London.  The  situation  of  his  mine  was  near  Ponalaul,  in 
the  Oolamalakul  proiierty,  al)out  10  miles  north-east  of  Trivaudram,  on 
the  road  to  Arinaud.  About  li  tons,  of  the  stuff  was  extracted,  which 
yielded  1,000  lbs.  of  pure  graphite.  As  in  all  such  cnlculations  the 
estimate  of  cost,  100  lbs.  [>er  rn\^e€  at  Trivandram  or  even  less,  is  falla- 
cious, since  it  does  not  appear  that  the  Generars  own  pay,  while  he 
superintended  the  operations,  was  included  in  the  actual  expenditure 
incurred,  nor  does  it  follow  that  the  cost  of  extracting  at  the  outcrop 
would  not  be  exceeded  when  regulxu*  mining  operations  Lad  to  be  com- 
menced. 

In  1855  Dr.  Royle'  de8cril>ed  specimens  from  Travancore,  which  were 
hmiollar,  as  l.ieing  soft  but  brilliant,  and  similar  to  what  was  at  that 
time  imported  from  Ceylon  at  a  cost  of  £8  to  £10  a  ton.  But  the  general 
opinion  of  experts  and  manufacturers  of  pencils  in  England,  to  whom 
samples  were  submitted,  was  that  they  were  tx>o  gritty  and  impure  to  l>e 
of  much  value.  Some,  however,  txiok  a  more  sanguine  view.  Mr.  Buel, 
a  crucible  mnnufaeturer,  estimated  the  value  for  his  purjMJses  at  8  shil. 
lings  ft  hundredweight  though  14  shillings  are  sometimes  given. 

Since  the  al>ove  was  written,  Mr.  King  has  sent  samples  of  a  much 
purer  looking  graphite,  obtained  daring  the  present  year  from  a  de{>08it 
close  to  Velbirnad,  near  Arinaud;  probably  this  locality  is  the  same  as 
General  CuUen'a.  The  veins  in  which  it  occure  are  said  to  cross  the  strike 
uF  the  gneiss.  Apparently  this  not  easily  accountable  mode  of  occurrence 
has  been  observed  in  America  also. 


•  Jour.,  A*.  8oc.,  UengT\l,  Vol,  XIV.  j>,  Uiv. 
•>  Jour.,  A«.  Soc..  HoiipU,  Vpl.  XXIV.  t.    2a3 
Tol.  I,  new  soiuF,  1856.  p,  267. 
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It  is  perhaps  nwdloss  to  observe  tliat  the  snialloit  particles  of  grit 
in  graphite  for  pi-m'ils  is  most  prejiulicial,  whilst  for  lubrifatinj^  puryvise*, 
if  graphite  be  not  absolut\3ly  pure,  it  may  be  most  injurioiiB  to  niaobi- 
nery ;  fof  the  coarser  ptirposes  of  making  crucibh's  the  prownt^o  of  iron 
would  cerfninly  diminish  the  refractory  ])nt[t«'rties  of  the  inat^^rlal. 

Tiimevelly  District. — (k'neml  Cullon  statefl  that  he  obtained  pieces 
of  graithite  of  the  size  of  a  small  egg  and  with  a  huninate<l  stnictum 
in  some  kankar  in  'I'inneveliy.  In  another  part  of  hi«  papeir  he  ftp^akx, 
however,  of  the  matrix  being  limestone  or  gneiiss.  Pt)gsibly  some  speci- 
mens, now  in  the  Museum,  which  arc  in  a  crystalline  limestone,  but  which 
are  labelled  from  Trivandrum,  may  have  come  from  this  locality.  In  • 
Inter  from  the  Resident  at  Trnvaneope  [i  e.,  General  Cullen),  which  is 
quoted  by  Dr.  Boyle,  the  gnij)hite  is  said  to  occur  in  disintcgnitc<l  gneiss, 
and  at  Culdacurohi  and  Arabasnmudram  in  kank^tr.  The  precise  seoso 
in  which  the  term  kankar  is  used  may  be  doubtful. 

There  is  a  specimen  of  graphite  now  in  the  Museum  said  to  liavc  b«ni 
obtjuned  in  the  red  hills  near  Madras. 

Kistna  and  Godavari  Districts.— Accorrling  to  Mr.  King*  bandt 
of  very  quartxose  rock,  with  graphite s|iai-ingly  diKtributcd  through  them, 
o<'cur  close  to  Dczwada,  in  the  Kistntt<listrict  ;and  fragments  of  graphito 
occur  in  the  streams  which  traverse  the  Beddaduuol  coal-field  ;  tlu^o 
last,  it  is  believed,  have  been  brought  down  from  the  gneiss  further 
north. 

Vi2a$;;apatam  District.. — GniiJiite  is  sintcd'  to  be  found  near 
Ka^ipnram,  in  the  territory  of  the  Maharaja  of  Vizianagrani,  also  at  Ram- 
piUi  of  Salur,  and  one  or  two  other  localities.  It  ia  usc<l  for  giving  a 
pdish  t/»  pottery,  and  can  be  had  io  any  quantity  at  a  ru|)oe  for  2Hbs.  at 
Vizianagram.  A  sample,  now  in  the  Geological  Museum,  is  included  in 
s  heavy  fcrriiginous  gneiss,  and  is  not  of  very  promising  a|>i)e.'irance. 

Bengal:  Lohardaga  Difitrict. — A  loose  fragment  of  gnoiss  con- 
taining lamellae  of  graphite  wiis  found  in  the  Ixjd  of  the  Ko»d  river 
cloae  to  the  village  of  Hutar,  which  has  furnished  a  name  for  a  coaI> 
field. 

Central  Provinces:  Sambalpor  District.— Da bamoaiih,  Lat. 
eo*  eV  30";  Long,  ^r  18'  30'*;  Domaipau,  Lat.  20*  49';  Long. 
83*  V — At  both  the  above  localities,  whieh  are  situated  in  the  Patna 
zemindan,  de^tosits  of  graphite,  which  had  previously  been  brought  t^*  tho 
notice  of  the  district  otKciaUby  the  natives,  were  examined  by  the  writer. 
Tlie  graphite  occurring  in  both  cases  merely  as  u  constituent  of  some 

\-      !«.fi.  fl.  f..  Vol  VI r  i»  Ten, 

<    iiimUsu  l)t»trii-t  ManunI,  p.  lS4b 
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gneissose  schists  is  impure ;  this^  coupled  Tdth  the  fact  of  its  position, 
renders  it  di65cult  to  suppose  that  it  will  ever  have  any  commercial  value. 

Rs^putana:  Guiigaon  District— -Sohna,  Lat.  28**  14';  Long. 
77*  7'.  A  so-called  plumbago  mine  was  discovered  at  this  locality  by  Dr. 
Thornton  in  1861.^  The  graphite  occurred  in  lumps  and  disseminated 
through  the  rock.  Mr.  Hacket,^  who  visited  the  spot,  describes  the 
deposit  as  worthless,  the  quality  of  the  mineral  being  very  inferior. 

A^hanistan. — Koh-i-daman.— Captain  Drummond  *  states  that  he 
obtained  a  specimen  of  graphite,  said  to  have  been  obtained  in  the  vicinity 
of  Koh-i-daman,  and  he  includes  it  as  one  of  the  regular  productions  of 
Northern  Afghanistan. 

North-west  Provinces:  Kumaun  District.— Almoba.— In  the 
course  of  his  mineralogical  survey  of  the  Himalayas,  Captain  Herbert,* 
was  the  first  to  discover  the  presence  of  g^phite  in  the  neighbourhood 
of  Almora.  He  found  kidney-shaped  lumps,  1  to  3  inches  in  diameter, 
lying  on  the  surface  of  a  portion  of  the  ridge  which  was  formed  of  mica 
schist.  Although  somewhat  mixed  up  with  the  quartz,  iron,  and  mica, 
it  was  found  to  have  a  specific  gravity  of  only  from  2-21  to  2*26, 
as  or  2' 7  according  to  Mr.  Prinsep,*  who  gave  a  rough  analysis  of  it 
«s  follows : — 

Carbon 716 

Iron 60 

Silex 16- 

Alumina 8'4 

100- 

From  a  comparison  with  analyses  which  he  made  of  Ceylon  and  English 
graphites,  Mr.  Prinsep  formed  a  very  favourable  opinion  of  the  Hima- 
layan mineral ;  but  it  is  evident  that  the  sample  of  English  graphite  he 
examined  was  of  very  inferior  quality,  as  it  contained  36  per  cent,  of  impu- 
rities. In  the  year  1850  Major  H.  Drummond'  was  placed  on  special 
duty  by  the  Governor  General  for  the  express  purpose  of  opening  up  and 
ascertaining  the  value  of  these  deposits.  As  to  quantity  his  operations 
appear  to  have  sufficiently  proved  the  existence  of  a  large  amount, 
though  somewhat  scattered,  at  numerous  localities;  but  the  quality 

>  Balfour^  Cyclopedia,  Art. — Plombago. 

*  Bacorda.  G.  8. 1.>  VoL  XIU,  p.  249. 

>  Joar.,  Aa.  SoCn  Bengal.  Vol  X.,  p.  92. 

4  As.  Res.,  Vol.  XVIII,  p.  280;  and  Jour.,  As.  Soc.,  Bengal,  Vol.  XI,  p.  cxxvii. 

*  Gleanings  in  Science,  VoL  III,  p.  280. 

*  Selections  from  Records,  Gort.  N.  W.  P., new  series.  Vol.  Ill,  1867,  p.  871. 
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appears  to  have  been  far  removed  from  the  standard  sample  of  Cumber- 
land graphite,  with  which  he  had  been  supplied.  Specimens  from  Balti 
and  Palsimi  occurred  in  tabular  form  and  showed  a  metallic  lustre  on 
being  fractured.  A  sample  from  Major  Drummond^  assayed  by  Mr. 
H.  B.  Medlicott,  had  the  following  composition  : — 

Carbon  62*03 

Silex,  &c.,  insolable  in  ntroDg  hydro-chloric  acid       2*88 
Peroxide  of  iron  and  alumina  .        .7*68 

Carbonate  of  line 34*94 

Magnesia  and  loss,  Sic 2'47 

100- 

Dr.  Royle '  relates  that  although  Captain  Herbert  himself  made  some 
pencils  directly  from  the  graphite  as  it  was  founds  the  opinions  of  several 
experts,  including  the  principal  pencil  manufacturers  in  England,  were 
decidedly  against  the  Kumaun  samples  having  a  commercial  value.  The 
amount  of  contained  grit  being  injurious  to  their  machinery  they  were 
unwilling  to  use  it,  but  suggested  that  a  purer  material  might  be  obtain- 
able. Mr.  Rose,  who  is  quoted  by  Mr.  E.  T.  Atkinson,'  examined  speci- 
mens obtained  at  Garjoli  near  Balti  and  at  Palsimi  3  miles  east  of  Almora, 
and  seemed  to  think  that  all  the  samples,  even  the  most  impure,  could  by 
grinding  and  washing  be  deprived  of  their  grit.  Dr.  Royle  speaks  of  £5 
a  ton  as  the  value  of  some  of  the  samples  he  refers  to ;  but  it  may  l»e 
doubted  whether  that  figure  could  be  obtained  now,  and,  supposing  that 
it  could,  whether  it  would  cover  the  cost  of  mining  and  transport. 

Among  other  notices  of  this  deposit  may  be  mentioned  one  by  Mr. 
W.  Sowerby,*  though  it  does  not  add  much  to  previous  knowledge  as 
to  its  precise  nature. 

It  seems  that  the  graphite  is  much  mixed  up  with  other  minerals  in 
the  schists,  and  the  numerous  attempts  to  find  a  workable  thickness  have 
not  been  successful.  Indications  of  its  presence  are  said  to  extend 
over  a  distance  of  15  miles.  Under  the  circumstances  of  quality  and 
position  there  are  no  grounds  for  believing  tlmt  this  graphite  can  ever 
be  worked  so  as  to  become  a  profitable  commercial  commodity.  The 
precise  spots  mentioned  by  the  several  authorities  are  on  the  Kalimatiya 
(black-earth)  hiU  to  the  north  of  Almora,  on  the  spur  of  Banini  Devi, 
&cing  Almora,  on  the  Lohughat  road,  Garjoli,  and  Palsimi.     It  is  also 

1  Jonr.,  As.  Soc.,  Bengal,  Vol.  XXIV^p.  208;  and  Madras  Jonr.  of  Lit.  and  Sci.,  Vul.  I. 
new  series,  p.  257. 

'  Economic  Hineralogy  of  the  Hill  Districts  i  Allnhabad,  1877. 
*  Sel.  Rec.,  Qort.  of  India,  Vol.  XVII.  pp.  6  and  8. 


66 


OKOLOOY  OF  INDIA -aiUPHITB. 


[Chap.  f. 


found  in  Pultt  Luliba  in  Gnrbwal  on  tbe  Kamprayng  road,  and  i^  stated 
to  be  nsed  in  thnt  part  of  the  country  as  a  pigment. 

Mr.  Medlicott'  desonbes  the  dajjosit  as  ''a  band  of  grapbitic  scbisla, 
regularly  associated  witb  tbe  otber  metamorpbic  strata  of  tbe  district. 
Tbe  best  bini]>s  of  grapbite  have  been  found  where  tbia  achist  baa 
been  crusbwl  along  a  fault  or  line  of  strain  and  the  graphitic  matter 
has  somehow  become  concentrated  in  lumps  of  various  size/*  Both 
modes  of  occurrence  are  described  as  analogous  to  those  presento<l  by 
the  carbonaceous  Infra-krol  shales  of  the  Simla  region,  where  coal- 
mining has  l)een  attempted  on  tbe  bands  of  concentration.  The  sam- 
ples of  Kumaun  grapbite  at  present  in  tbe  Geological  Museum  are  very 
dull  looking  and  deficient  in  lostre,  and  from  their  weight  it  is  probablo 
contain  much  iron. 

Darjiling. — In  tbe  year  1852  attention  was  directed  by  Captain 
Sherwill  to  a  supposed  deposit  of  gniphite  at  tbe  foot  of  the  Darjiling 
hills.  The  samples  forwarded  by  him  to  tbe  Asiatic  Society  were  de- 
scribed by  Mr.  Piddington  '^  as  being  of  a  very  inferior  description.  Mr. 
Mallet,'  who  subsequently  examined  the  locality,  only  goes  so  far  as  to 
upply  the  term  semi-graphite  to  tbe  substance.  He  states  that  the 
carbon  in  the  highly  altered  Damuda  shales  has  only  been  partially 
changed  from  tbe  amorphous  to  tbe  graphitic  condition. 

Captain  SberwilPs  specimens  and  another  obtained  by  Mr.  Mallet 
were  assayed  by  Mr.  Hughes,  and  tbe  percentage  of  impurities  which 
the}'  were  found  to  contain  is  just  about  equal  to  (hat  of  the  carbon 
which,  as  stated  above,  ought  to  be  present  in  good  graphite — 

Rukte  Nndi  .        .    92  0  Ash, 

Near  Pnnknbari    .  83"       „ 

Neir  K<irw<m^ 646     „ 

This  ash  is  mostly  silicious.  Tbe  earbon  in  these  shales  is  not  even  all 
in  the  condition  of  graphite.  Mr.  Mallet  recognises  the  possibility  of  a 
better  quality  being  found,  but  does  not  look  forward  with  any  coniidence 
to  its  ])robability. 

Burma. — According  to  Major  Strover/  graphite  is  found  in  Upper 
Burma  to  the  east  of  Nat-taik,  on  a  low  range  of  hills  near  the  village 
of  Nzoketoke,  It  is  not  utilisfxl.  Mr.  Doyle  "  states  that  the  late  King 
submitted  samples  to  ex|)crt«  at  Mandalay,  and  the  result  of  the  aualy* 
tis  (such  as  it  was;  was  satisfactory. 

\  Mem..  G.  S.  I.,  Vol.  HI.  part  II,  p.  l^*'  i  i-^'.t). 
»  Jnor..  Aa,  8oc .  BcitgHl,  Vol.  XXI.  p  63^. 

*  M,.n  .  O.  S.  I.,  Vof.  XI.  p,  64. 

*  (iiJutti  KoonouiUt.  Vol.  V,  p.  li 

*  CoiiiritaUun  to  Hunnan  Miocr:il'>gj  j    Calcutta,  1879* 
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Amber. — Within  the  limits  of  British  India  no  Jcpogit«  containing 
amber  in  suHicient  quantity  to  he  of  economic  imjwrtiinco  are  known  to 
exist.  Dr.  Griffiths, '  indeed,  speaks  of  its  occurrence  with  the  lignite  coal 
at  Karoibari,  east  of  RnnjT;'pur.  But  this,  as  will  Ix*  seen  on  a  future 
psige,  is  a  friable  mineralised  resin  which  is  not  in  theconditi«*nof  amWr. 
Sir  W.  Ainslie  "  statits  that  amber  of  fine  quality  had  l)een  found  in  the 
Deccan,  but  was  scarce,  and  that  it  was  occasionally  found  also  in  Travan- 
core.  Dr.  Balfour  suggest*  that  these  later  cases  refer  to  a  substanco 
allied  to  copal j  which  is  found  in  the  Venkully  cliffs  in  Travancore.' 

Owing  to  the  w«>rd  Ambra,  which  means  ambergris,  being  usecl  by 
German  writers,  it  has  been  supposed  that  aml>cr  occui*s  in  the  Nii;o}>ar 
Islands;  but  while  tbero  is  no  d  priori  improbability  in  the  tertiary 
lignite  beds  of  the  Nicobars  containing  amber,  the  suWauce  collected  there 
ap])ear6  to  be  ambergris,  consisting  of  the  excreta  of  certain  cetaceans, 
which  is  occasionally  drifted  on  to  the  shores  of  the  islands.  Dr.  Rink, 
however,  describes  a  substance  which  was  evidently  similar  to  the  Karai- 
bnri  resin  as  being  found  in  the  lignite  of  the  Nicol.<ar8. 

The  only  worked  source  of  amber  of  any  value  in  the  neighbourhood 
of  the  limits  of  British  India  is  the  following : — 

Burma:  PAVKNTouNfi,  Lat.  26'  20';  Long,  96\ — At  Payentoung 
or  Payendwen,  in  the  valley  of  the  Hukung  or  Hookoong,  and  near  the 
sources  of  the  Kyendwen,  there  are  aml>er  mines  which  appear  to 
have  been  worked  with  varying  success  for  a  very  long  period,  and 
have,  it  is  believed,  produced  a  large  quantity  of  amber  which  has 
been  disposed  of  in  the  markets  of  llpi)er  Burma  and  Assam.  These 
mines  are  sometimes  spoken  of  as  the  mines  of  Ava,  Ijeing  included  in 
the  territories  of  the  King  of  Burma.  By  what  name  they  should  bo 
known  is  somewhat  uncertain,  as  neither  of  those  given  above  appear  on 
the  most  recent  maps  of  the  region  (dated  1875).  Possibly  the  Pon- 
Knin  of  this  majj  may  be  the  Ircality,  and  Kinto  Poung  is  perhaps  the 
Kotahbhum  mentioned  below.  The  latitude  given  aljove  is  on  Colonel 
Yule's  authority;  the  longitude  is  only  approximate.  Tlie  Rev.  Mr. 
Mason  refers  to  a  description  of  these  mines  by  Dr.  Bayfield,  but  reference 
to  the  original  work,  which  is  Mieved  to  be  still  in  manuscript,  is  not 
given  ;  there  are,  however,  several  other  independent  accounts. 

In  1S35  Colonel  Ilannay  *  visiled  the  Payentoung  or  Ilukung  valley 
and  collect4Hl  some  information  reganling  the  amber.  Not  only  does  it 
occur  at  Payentoung,  but  also  at  Kotahbhum,  where  it  is  said  to  exist  in 

'  Prtvst«  Jounml  «if  Tniv«U  in  India,  Ac,  Calcutt*.  1847,  p.  77. 

*  Mnteriii  Mvclica,  p.  9. 

•  CycioptrdiH.  Art.     Amber. 

♦Jour,.  Ai.  Sue.,  UcHg*:,  Vol.  VI,  i>.  270. 
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great  abundance  though  of  inferior  quality;  but  the  latter  locality  is 
considered  sacred  by  the  Singhphus,  who  therefore  do  not  allow  the 
amber  to  be  removed.  The  principal  traffic  in  the  valley  was  in  amber^ 
a  few  Chinese,  Chinese  Shan  and  Chinese  Singphu  merchants  being  in 
the  habit  of  visiting  the  spot  annually.  The  common  sorts  were  sold  at 
the  rate  of  Bs.  4  for  a  seer  and  a  half^  but  the  better  qualities  were 
expensive. 

A  more  complete  account  of  the  locality  is  given  by  Dr.  Griffiths, 
who  actually  visited  the  mines  in  1837.  They  are  situated  on  a  range 
of  low  hills,  perhaps  150  feet  above  the  plain  of  Meinkhun,  from 
which  they  bear  south-west.  On  the  brow  of  a  low  hill  there  were 
numerous  square  pits,  4  feet  in  diameter  and  of  variable  depths.  The 
implements  used  consisted  of  wooden  crowbars  tipped  with  iron,  wooden 
shovels  and  bark  baskets  for  drawing  up  the  water.  Underneath  from 
15  to  20  feet  of  red  clay  containing  small  pieces  of  lignite,  there  is  a  grey 
slaty  clay,  which  increases  in  density  with  depth,  and  includes  imper- 
fectly formed  lignite  with  which  the  amber  is  found  very  irregularly  dis- 
tributed. No  fine  specimens  were  then  obtainable.  Though  much  prized 
as  an  ornament,  the  price  was  not  high,  a  first-rate  pair  of  earrings  only 
costing  Re.  5.  The  outturn  appears  to  be  very  variable;  in  Dr.  Griffiths' 
time  the  workmen  said  that  for  six  years  they  had  had  no  success. 


Economic  Ooology  ] 


UKN'F.UAI.   HKMM.'KS 


&t 


CHAPTER  U. 

COAL-PEAT-PETROLEUM . 

C0A.t.— Oencml  Remarkfi.  Penintmtnr  Arttu—Vudnt—liydenkhad—OtiMii-lit'tunl  — 
North  of  Dnmada  Vwlley — I>imuilB  \tH\ry — Nortb*West  «nd  Went  of  DntniKtit  VnUcj 
— Sonc  Valley— Malinnuili  Valley — OwLavari  VlllI^y.  Eslra-pt%tnintlar  Arpa«.  l'iit<Ii 
— Sind  — Afglianifttan^  Pmijab — Korili-M\>iit-Htiimliiyax — Sikkitn — Aa«aiii  — CliiKa- 
goug— British  Bnnija- Upp»T  Burma— Audntnan  litlandii — Nicobar  Ulandt.  Piat.— 
General  Reinarks-' Madrajs— Bengal— Oudh—  Kanhmir- 3f orth- West  Proviiicm — NVpal 
—Aantn— Banna.  Pbteolbum— Goticral  Remarks— SingrowiS—Alvrar^Ciitch— 
BalochUtan — Afghanistan —Pun  jab— Assam — Burmm. 

Coal :  General  Remarks.~Io  the  pa'cedinfj  parts  of  this  work  the 
'geological  age  of  the  earhoniferoas  deposits  of  the  petiinsular  and  extra- 
poninsular  areas  have  been  fully  discussed ;  and  in  connection  with  the 
dcscriptionB  of  the  various  fieMs  a  considerahle  amount  of  information  hA3 
been  given  as  to  the  (juality  aiul  ext<?nt  of  (he  o:»ul  which  iy  known  to 
exist  in  them  respectively. 

Although  it  may  not  appear  at  first  si*^ht  to  l»e  of  great  importance, 
from  an  eeonomio  |)oint  of  view,  whetiier  coal,  provided  of  (.'oursc  that 
it  10  itself  goo<l,  belongs  to  the  i>ala>ozoic,  meflozoic,  or  kainozoic  period*, 
the  actual  mode  of  occurrence  is  a  matt4jr  of  great  importance  in  the 
tracing  out  of  coal  scams,  and  this  varies  with  the  age  of  the  measures. 
The  practical  miner,  who  coming  to  India  ezpecte  to  find  here  the  fami- 
liar strata  of  the  true  car1x>niferouf}  mcasnres,  is  destined  to  bo  disap* 
pointed.  Although  cases  have  not  been  wanting  of  moo  who  were  so 
wedded  to  their  early  ideas  that  they  professed  to  be  able  to  roeogniso 
the  individual  scams  of  Lancashire  in  some  of  our  Indian  coal-fields, 
othei-s  have  not  taken  lonc^  to  realist'  the  difference  and  iiiodirv  llirir 
methods  accordingly 

The  rtfcks  which  in  jx*n insular  India  probal»ly  correspond,  a^  regards 
the  time  of  their  formation,  to  the  true  earl>oniferous  rocks  of  EurojHi 
are  not  coal-bearing,  and  the  oldest  coal  measures  in  this  country  belong 
to  a  period  which  is  well  included  within  the  limits  of  the  upper 
palflBOZoic  or  permian  and  the  lower  Jurassic  formations. 

All  the  useful  coal  of  the  peninsula  may  conveniently  be  describe*! 
as  being  of  permio*triassic  age,  and  with  two  exceptions,  it  may  be  added, 


«*.^4:a-}AHiiA»uJLiLr  sruas^  iK>vey«r^  «^  lb»j  ewJ  m  ratnciw  jaastg!«r  ^icifi£t£. 
|«  thu  jwntAuk  roeik«  <^  Cid«li  ihm  aad  oiaa^ortactt  Beiaw  «ff  ticnd  bare 

F:MJL>j«i^  TnuMi'IiJhdut;  dWlndxof  Bhuudq  atad  K.<>bat.  Tbecsietatoecvos  sxx-la 
^  (Am;  G«i«/  «o4  KJbMN  hiU»  UMfiuide  ««>«  ec)&«deral»le  ooal  eeuzkB  of 
g»x4  <(|<i«)i()^^  Tf>  ihU  «j2pe  pofiislyljr  vhoold  be  reftrred  tlie  ««Jt  a&d 
«!iirfx>>iiw^>ti«  4^miU  tA  |MMt«  of  Bumts  aad  Ui«  Aodamaa  aud  XSwbar 
Mm»4«^  IM  <;!  iUe««  tt  mskj  be  csid  tltat  so  £ir  m  anj-tfajsg*  if  oerUtolj 
lkiM>irx»  tlMy  msky  r«illjr  l>e  of  lovect  iertiarf  ag«.  Of  aodoaUed  lower 
itaeimry,  a»mimdiik,  or  idfjeetm  ^oab  and  hguttet  there  are  namerofu 
«MW»{4ie«  wbv.'h  ar«  unet  wttli  at  totenrab  from  Sind,  througli  Afghan- 
H^o^  ljli«  l^ttojab,  at  tb«  foot  of  ihe  Himalajaa,  in  Aaaam,  and  in 
Bwrwdu  It  M  t[i«  ezee{»tkm  for  the  ocol  of  this  age,  in  theae  localities^ 
to  Cinmr  In  musk  quantity  aa  to  poweat  any  real  economic  value,  but 
yttry  mUtworihy  evseytU/m  do  oecar  in  Aaaam  and  Burma.  One 
itmiMnm,  in  j^immUu  India,  of  a  carbonaoeons  deposit,  which  is  probably 
$hiO  rtdendtk  io  ilm  ^otstm  ptgriod,  exhiU  in  Travanoore.  The  coal 
mmuiureu  ui  Upper  Aaaam,  ito  £ur  aa  the  aUght  eyidence  arailable  goes, 
ar<s  efmvhmiA  io  be  poasibly  of  miocene  age  (part  II,  p.  702) ;  they  are 
alimiiA  <iertainly  younger  than  the  seama  found  at  or  near  the  base  of 
ihfi  nummuUiki  rocka  eU^wbere.  In  the  higher  or  younger  tertiary 
gr/mps  at  i\m  \mm  of  the  Himalayas,  although  carbonaceous  deposiits, 
ehuidy  in  the  ff^rm  of  liguito  from  drift  wood,  not  nnfrequently  occur, 
tb«r«  is  DO  known  eoiitmuous  seam  of  useful  fuel. 

In  describitig  ihi»  coaUHelds  from  the  economic  point  of  view  it  will 
be  coiivenieot  to  billow  the  geographical  arrangement  adopted  with 
riff<«r<*rice  to  other  mineral  productions;  but  in  the  particular  case  of 
etm\  there  is  a  disadvaniago  in  this  method  of  treatment,  as  it  involves 
the  breaking  up  of  one  largo  tract  of  coal  measures,  namely,  that  in  the 
tiodttvari  Valley  and  its  tributaries,  in  consequence  of  its  spreading 
over  an  area,  |)ortions  of  which  belong  to  Madras,  Hyderabad,  and  the 
Central  Troviucci  retiiioctively. 

Homo  years  ago,  Mr.  Hughes  *  estimated  the  areas  in  India  in  which 
coaI  meaHurva  occur,  including  those  in  which  they  are  believed  to  exist 
undttrneath  younger  formations,  as  amounting  to  a  total  of  85,000 
squiu'o  milus.  This  is  a  liberal  calculation  which  is  not  likely  to  be 
inuruAsed  by  any  discovorios  which  may  be  made  hereafter,  though  it 
may  sustain  diminution  when  the  boundaries  arc  more  accurately  asccr- 
iaiutid  iu  the  coses  of  some  of  the  lees  known  fields.    To  prevent  any 

t  ItMordf,  Q.  8. 1.,  Vol.  VI,  p.  65. 
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misconception,  however,  it  is  necessary  to  gtaie  tliat  iii  fiomc  parts  of  the 
basins,  supiHjsing  the  coal  measui-ed  do  exiat,  the  thickness  of  the  younger 
ovorlying  formations  is  so  great  that  the  working  ol  lite  coal  cannot, 
in  reference  to  present  gystems  of  mining,  bo  ountempIatcU  as  being 
even  remotely  |>0i*6iljle. 

The  several  basins  have  the  following  areas  allotted  to  thoni  b/ 
Mr.  Hoghes:— 


Godavari  and  ofilueuti 

Sone 

Sur^iJA  and  Orisea 

Awam 

Nftrbftda  and  affluent^ 

Damuda 

Bajiunhal  aren 


UuBUrveyed,  Ac.        . 2,7(X> 

36,000 


Althongli  the  coal-mining  industry  has  now  Wen  in  operation  in 
India  for  more  tlian  a  century,  and  although  there  has  been  a  steady 
tncrcuse  in  production  and  consumption,  which  has  been  esjiecinlly  not- 
able in  the  Inst  decade,  still  it  must  be  statiKl  that  the  development  of 
the  coal  resources  of  the  country  is  as  yet  in  a  very  imperfect  condition. 
Out  of  upwards  of  thirty  distinct  fields  in  peninsular  India  only  four  or 
live  are  worked  at  all,  and  of  these  only  two  have  arnve<l  at  such  a  con- 
dition that,  although  the  actual  mines  are  numerous,  they  can  raise 
from  1,000  to  2,O0U  tons  a  day.  In  the  extra-poninsular  areas  mining 
is  not  established  anywhere  regularly,  though  it  shortly  will  l>e^  there 
is  reason  to  believe,  in  Assam. 

Tlie  reason  for  this  state  of  things  is  not  far  to  seek.  Most  of  the 
coal-lields  are  too  remote  from  the  ports  and  the  centres  of  manufactur- 
ing industry  to  render  it  possible  that  their  coal  can  be  carried  to 
places  where  it  would  have  to  compete  with  the  better  qualities  of  fuel 
brought  from  Europe.  With  the  extension  of  lines  of  railway  into  the 
central  parts  of  India  some  of  these  fields  may  be  opened  up  hereafter, 
and  the  increased  facilities  for  carriage  may  render  it  possible  to  estab- 
lish factories  for  the  reduction  of  metallic  ores  and  other  purposes  which 
would  increase  the  demand  for  coal. 

Before  treating  of  the  actual  present  compared  with  tlie  past  con- 
mmption  of  coal  in  India,  it  will  be  well  firwt  to  describe  its  cpiality  or 
Wither  it«  4walilics,  for  it  varies  a  good  deal,  as  will  bo  seen  from  the 
details  given  belowj  in  reference  to  the  different  frvlds. 
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In  j^noral  the  coal  of  peninsular  India  may  be  described  as  a  lami- 
nated I'ituniinous  coal,  in  wbicL  dull  and  brig^ht  layers  aUernate.  Much 
of  it  does  not  cake  freely,  while  a  not  inconsiderable  proportion  will  not 
do  80  at  all.  However,  from  the  coal  of  particular  seams  in  th« 
Kanigttnj,  bat  more  especially  in  the  Karharbari  field,  fairly  good 
qualities  uf  coke  can  be  made.  In  the  Raniganj  field  the  best  coke 
has  been  made  from  the  Sanktoria  coal.  The  percentage  of  ash  in  coal 
which  is  brought  to  market  averages  from  10  to  15  i>er  cent.,  that  is  to 
say  that  coal  with  less  than  10  pur  cent,  of  ash  does  not  commonly 
occur,  and  coal  with  more  than  1 5  per  cent,  does  not,  as  a  rule,  find  a 
ready  siilc.  Exceptions  to  the  former  occur  in  the  case  of  tlie  seams 
at  Sanpur  and  Bamandiha,  in  the  llanigunj  field,  where  the  percentages 
of  ash  are  only  8'7  and  8*9.' 

As  r^i^ds  the  proportion  of  fixed  carbon  which  is  the  most  impor- 
tant factor  in  the  production  of  hent,  the  average  in  the  Raniganj  Held 
is  under  55  per  cent.,  while  in  the  Karharbari  field  it  is  probably  about 
10  per  cent,  higher.  There  is  no  case  of  a  true  anthracite  having  been 
discovered  in  any  of  these  fields;  but  the  crushed  and  powdered  coal  at 
the  foot  of  the  Darjiliug  Himalayas,  which  has  been  described  by  Mr. 
Mallet  ^  approximates  in  character  to  anthracite  on  account  of  the  removal 
of  its  original  volatile  constituents. 

The  moisture  or  hygrometic  water  varies  agtx>d  deal  in  the  coals  from 
the  different  fields.  In  those  of  the  Godavari  and  Ward  ha  areas  it  is 
exceptionally  high,  being  often  14  per  cent.,  while  in  the  llauigjinj  field 
the  average  is  not  more  than  4' 8  }ier  cent. 

Tlic  quantity  of  sulphur  and  phosphorus  is  very  v}irial>le  in  diflererjt 
iteams,  and  thougli  often  large,  coul  sutKeiently  free  from  these  impurities 
is  to  be  found  for  the  maimfacture  of  iron  and  steel,  es[)ecially  if  tho 
newest  processes  are  ap pi ie<l.  To  thia  subject  reference  will  figaiu  benjade 
in  the  chapter  on  iron.  The  average  of  ^  1  assays  of  coals  frum  Rsuii- 
ganj  by  Mr.  Tween  gave  sulphuric  acid  0*44  per  cent,  and  phosphoric 
acid  O'HJi  per  cent. 

The  characteristics  of  the  coals  of  the  extra-peninsular  areas  are  so 
variable  that  they  must  be  described  under  their  separate  headings 
below.  Genenilly  speaking,  the  tertiary  coals  are  bright  and  jetty  and 
non-laminated,  and  they  are  more  bituminous  than  tho  coals  of  the 
Iteniosular  fields ;  many  of  them  arc  extremely  friable  and  susceptible 
to  ditiintcgration  under  exjKisure ;  they  do  not  cake  as  a  rule  and  th»? 
proportion  (.r  ash  is  gmall. 


'  Hughes.     Rcponl-,  «i.  S.  I.,  ViO.  VII,  y  IJI 
»  Mcia.,  G.  S.  I..  Vol.  Xl. 
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Table  ihowing  the  coal  imparled  into  and  raised  in  India  fur  Ike  years  from 
1852  to  1880  inclusive. 


BlVOAL  FULDt. 

ClVTEAL   PBOVIlTCBt   FlBLM. 

Total 

Jam, 

Imports. 

1 

BauiganJ. 

Kwhftr- 
bwi. 

Total. 

Waron. 

.Mopanl. 

1 

Total. 

coiiHump* 
tiun. 

18SS-6S 

/  48^1  1 

USS-U 

68,410  ! 

1 

18M-66 

41,987 

lBfiM« 

76,711 

18B&67 

82,078 

1867-58 

92,983 

293,443 



386.420 

ISSMO 

99,701 

...~. 

...... 

18S940 

74^a63a 

368,900 

...... 

808,9«) 

413,223 

180041       . 

... 

873,633 

873.633 



... 

18ei<«2 

174.862» 

288,330 

288,330 

...... 



463.198 

im2-6S 

(1 

112,733 

319,000 

319,000 





442,3h3 

186»4M 

\    180,611 

. 

362,036 

».... 

362,030 



...M. 

•41,047 

1864-6S 

216,965 

334.633 

834.583 



551,518 

1886-^ 

228,319 

320,313 



820.312 

661,031 

1866-87 

257,662e 

399,030 

899,030 

057,281 

1867-88 

868,618 

423,034 

423w084 

791,061 

1868-88 

332.718 

407.820 

407.016 

8ai),S14 

1888-70 

315.936 

\ 

...... 

/     431.818 

«.... 

747,703 

1870-71 

269,886 

309.431 

80,OO(* 

308.431 

78 

78 

068,000 

187l-7a       . 

861,960 

284,623 

37,820 

322.413 

6,947 

54Kr 

000.350 

1872-78 

310,266 

..... 

T^jOOO 

7,333 

7,332 

... 

1873-74       . 

\  864,281 

9.451 

9,454 

... 

1874-75 

880,161 

...... 

M 

15,107 

16,10) 

... 

1875-78 

868.480 

467.914 
467,911^2 

\        

11 

19,170 

•( 

19.181 

.- 

1876-77 

fi23.S9t 

1,089 

13,012 

15.001 

... 

1877-78       . 

•/  603,731 

467,924''  < 

309,3*» 

776,310 

88,4111 

12,072 

41.418 

1,121, 150 

1878-79        . 

473,027 

623.0»7 

381.173 

901.27U 

35,924 

10.3eii 

46.30(t 

1,423,006 

1879-80        . 

687,634 

400,699 

302,844 

832,543 

25.078 

10,618 

35,606 

1,455.473 

1880-81 

\618,7aOa 

—• • 

V 

10.C3D 

III 

\      J5.440 

1C0,»11 

121.010 

only. 


HaghM.  Bcoordi.  O,  B.  I.,  Vol.  XII.   (a)  DoabtfuL  (5)  Inoomplete  for  Bengal,  (c)  For  eleren  months 


■  From  Appendii  to  Financial  Statement  "GoTemment  Gaiotte"  1880-81.  (a)  Fur  eleven  monthaonly. 

*  From  Dr.  Oldbam'R  Coal  Rewurcca  and  ProduoUon  of  India  s  Calendar  years. 

*  From  Bengal  Admlniatration  Rcporta.  ,^.     . 

*  From  return  of  coal  carried  by  Great  Indian  Peninmila  Bailway  theae  flgnrea  do  not  agree  with  (he 
actotl  oatput.   Moreover  tlwy  refer  to  the  calendar  jean  not  to  the  official,  aa  do  the  returns  txmn  Bengal. 
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In  the  preoeding  table  an  att4?mpt  has  been  made  to  i*epresent  the 
actual  consumption  of  coal  in  India,  but,  as  will  be  seen  by  the  foot- 
notes, the  figures  are  culled  from  various  sources  aud  are  not  by  any 
tneansj  of  equal  degrees  of  authenticity.  As  separate  statistics  of  coke 
and  patent  fuel  imports  are  not  available  for  all  the  years  they  have 
been  omitted,  but  if  to  the  totals  given  in  the  last  column,  for  the  last 
few  years,  an  average  of  5(>,0<lO  tons  be  added  to  cover  these  imports, 
and  to  cover  all  the  coal  raised  in  outlying  fields,  regarding  which  there 
are  no  statistics,  we  shall  arrive  at  the  conclusion  tliat  the  total  present 
amount  of  mineral  fuel  consumed  in  India  is  l,50r>,UOU  tons  per  annum, 
of  which  one  million  is  raised  in  the  country  and  half  a  million  is  im- 
ported. In  Appendix  A.  will  bo  found  a  statement  of  the  *  coal  and 
coke  imports  for  the  years  from  1867  to  1880.  It  will  be  observed  that 
there  are  discrepancies  in  some  cases,  the  totals  of  coal  and  coke  being 
actually  less  than  the  total  for  coal  alone  in  the  above  table ;  but  for  these 
an  explanation  will  be  given. 

The  price  of  European  coal  at  Indian  ports  varies  from  time  to  time  as 
might  Ik;  exj>ccted,  the  causes  for  fluctuation  being  so  obvious  as  not  to  need 
special  indication.  In  the  last  financial  Ftat<.»raent  issued  by  the  Govern- 
ment of  India  the  average  value  per  ton  of  Iiuroi>ean  coal  at  the  Indian 
ports  for  the  past  five  years  was  given  asfuUows  :  IS70-77,  Rs.  17-15-6; 
1877-78,  Be.  I6.9.H;  1878-79,  Rs.  18-13-9;  1879-80,  Rs.  19-2-3; 
18S0-81,  Rs.  18-1-10.  Taking  the  average  of  these  again  the  cost 
has  been  Rs.  18-2-1,  which  pot  into  English  money,  at  an  exchange  of 
1«,  8//.  per  rupee,  would  be  £1-10  per  ton.  Although  the  price  has 
oft^jn  been  higher  it  has  on  occasions  been  very  much  lower :  thus  in  the 
year  1871-72  English  coal  was  sold  in  Calcutta  for  from  Rs.  8  to  9  i>qt 
ton,  or  about  half  the  above  amount.  Strangely  enough  it  is  stated  *  that 
the  high  price  of  coal  in  England  in  1872  had  no  effect  on  the  CalcutUi 
market. 

Australian  coal  has  been  imported  since  1857,  but  the  amount  has 
fluctuat^'d  much  from  year  to  year  :  in  1858,  14f,06l  tons  went  to  Bengal 
and  8,998  to  Boml>ay.  In  1S71,  14,677  went  to  Bengal  and  apparently 
none  to  Bombay.  In  1877  only  799  tons  went  to  Bengal  and  none  to 
Bombay.     In  1S79-80  the  total  imports  rose  to  49,12s  tons. 

English  coal,  it  may  perhaps  l)e  said,  except  under  exceptional 
demand,  could  not  command  a  higher  price  at  the  principal  port*  thaa 
about  £2  a  t^>n. 

nio  price  of  Indian  coal  at  the  pit's  mouth  varies  a  good  deal  lu  the 
different  fields;  thus  coal  which,  in  Kaniganj,  might  k*  (dttnined  perhaps 

*  ttciignl  AduunintrRtiou  Rci>ori»  1872-79>  p.  <S9. 
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for  Re.  2-8  to  Ba.  3  a  ton  costfi  about  lU.  10  at  Mopa&i.  To  the  primo 
coet  at  the  mines  must  be  added  the  cost  of  carriage  at  the  rate  of  ^tU 
pie;?^  maund  per  mile,  or  Re.  2-5  per  ton  per  lOO  miles,  in  order  to 
obtain  the  value  of  country  eoal  at  towns  situated  on  the  Railway. 
On  the  Jabalpur  branch  of  the  East  Indian  Railway,  in  1878,  tlio  average 
cost  of  coal  from  the  Company's  miues  at  Kurluirbari  was  £U2.4>{ 
per  ton.  Further  down  the  line  to  Bombay,  on  the  Great  Indian 
Peninsula  Railway,  there  is  an  ofloilhitug  point  where  sea.borne  Cnt^Ush 
coal  meets  Bengal  coal  at  equal  lates,  the  amount  of  work  each  can  do 
bcin^  taken  into  consideration. 

In  Madras,  according  to  a  tithle  quoted  below,  the  pritT  of  Karhar- 
bari  coal  is  lis.  27-4  p©r  ton,  Ranigonj  costing-  U».  !iO-U-5  jjer  ton. 
Until  they  can  be  put  down  at  the  Railway  station  there  at  alx>ut  ont- 
fourth  less  respectively  they  will  not  be  able  to  oompeta  wilh  imported 
jhitent  fuel,  which,  whUe  it  costs  only  a  little  over  Rs.  25!  a  ton,  bos  a 
much  higher  working*  power. 

On  many  of  the  lines  in  Upper  India  wchxI  fuel  is  largely  employee], 
being  much  cheaper  than  coal,  upon  which  freight  for  perhaps  1,000 
miles  or  upwards  has  been  paid. 

In  the  account  of  the  Raniganj  field  below  there  will  bo  found 
a  brief  sketch  of  the  method  of  coal-mining  in  practice  there.  In  some 
cases  it  appears  to  have  been  excogitated  by  the  early  pioneers,  to  whom 
the  systems  of  coal-mining  in  practice  in  Europe  were  unknown ;  and 
the  methods  then  adopted  for  brmging  the  coal  to  bank  arc  tenaciously 
held  to  by  the  native  miners,  with  whom  the  trade  lias  become  here- 
ditary. Such  people  are  averse  to  innovation  and  are  ready  to  striko 
when  a  qualified  manager  endeavours  to  introduce  some  system  to  replace 
any  old  custom.  Steady  though  gradual  progress  is,  however,  being  made 
in  this  direction ;  but  it  is  still  the  case  that  in  (he  oldest,  largest,  and 
most  valuable  field  in  India  the  system  of  mining  is  far  behind  those  in 
practice  in  the  other  fields,  where  everything  hud  to  Imj  commenced  and 
the  labour  educated  //<?  novo  within  the  last  decaile.  In  the  latter  cases 
trained  engineers  have  entered  upon  almost  virgin  fields,  and  have  with 
more  or  less  success  commenced  0|>erations  in  a  legitimate  maiuHT  with- 
out leaving  the  evil  consequences  of  bad  and  destructive  work  to  those 
who  may  have  to  fidlow  them. 

Any  one  is  cajable  of  setting  a  party  of  coolies  to  delve  and  hack 
away  at  an  exposed  outcrop  of  coal.  Of  course  the  coal  so  taken  out  is 
at  first  easily  got  and  at  a  low  rat^^"  of  expenditure,  and  tliis  is  sometimes 
ri'gardcd  as  being  economical   ooal-mining.     It  would  be  impossif)le  t*j 

»  T.  W.  II.  Uughct.    Record.,  G.  8.  1 .  VoL  ILII.  p.  83. 
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offer  any  estimate  of  the  amount  of  injaiy  which  was  thns  done  to 
v^duable  seams  in  the  early  days  of  the  indostiy. 

At  ij^oth  the  Bengal  fields  labour  is  abundant,  but  in  those  of  the 
Central  Provinces  it  is  often  insufficient.  Accidents,  particularly  those 
accompanied  by  loss  of  life,  are  of  rare  occurrence ;  but  a  single  fatal 
accident,  especially  if  it  take  place  under-ground,  is  apt  to  cause  a  general 
scare  and  stampede,  and  there  is  no  doubt  that  were  it  not  that  they  are 
so,  and  that  the  miners  are  as  a  rule  fairly  and  justly  dealt  with  by 
those  over  them,  labour,  which  is  now  plentiful,  would  become  very 
difficult  to  obtain. 

Plate  No.  II  represents  a  '  gin  *  in  which  women  supply  the  motive 
power.  At  the  principal  mines,  especially  at  Karharbari,  these  gins  are 
speedily  being  replaced  by  suitAble  hauling  engines,  but  though  destined 
to  become  extinct  there  are  not  a  few  of  them  still  in  the  Baniganj 
field. 

The  following  list  gives  the  names  of  all  the  separate  coal-fields  which 
are  known  to  exist  in  India,  and  the  respective  baons  or  valleys  in  which 
they  occur  j— , 

Peninsular  Coal-flelds. 

liadnu. 
Beddadanol    .                  ... 
Madaveram  or  Damercheria     . 
Liogalla 


Spderabad  or  Nixam's  territoiHf. 

Kannigiii 

Singareni 

AlapaUi  .        .        .        .        . 
Kamaram        ..... 

Bandella 

Chinor 

Tundur    

Aksapar 

Antai^aon 

(Sasti) 


Wardha  and  Godavari  Valleys.  Several 
of  these  are  merely  outcrops  of 
Barakur  or  ooal  measaro  rocks  on 
the  margins  of  the  Gondwana  basin, 
and  perhaps  should  scarcely  be  called 
fields. 


Oritta. 
Talchir Bmhmini  Valley. 

Bengal. 
liajmahal  Hills  include  five  semiodctachod 

fields 

Jainti . 

Sahiyori  ....  '   )  ^^^^  of  ^hc  Damuda  Valley. 

Kuudit  Kuriah        .... 
Karharbari 
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I  Damadft  Yailejr. 


North-west  and  west  of  Dunadft 
Valley. 


Valleys  of  the  Sone  and  tribataries. 


'JMahanadi  Valley. 


Baniganj 

Jharia 

Bokaro 

Bamgarh         .... 
Karanpnra,  North    . 
Ditto,     Soath    . 

Chope 

Itkuri 

Aumnga 

Hntar      . 

Daltonganj      .... 

Tattapani        .... 

Irea 

Morne     .        .        .        .        • 

SingTOwii        .... 

Sohagpar         .... 

Jhilmilli 

•  Bisrampor  .... 
Lakhanpar  .... 
Bampur  ..... 
Central  Provinces. 
Baigarh  and  Hin^ 
Udaipor  and  Korba 

Mopani > 

Shapar  or  Betol >Satpura  Baun. 

Pench 

Wardha 

a.  Bandar  .... 
h.  Warora  .... 
c.  Qhugus  .... 
rf.Wun  .... 
e  Between  Wan  and  Papur . 
/.  Junara  and  Chicholi 
ff.  Sasti  .... 
A.  Paoni       .... 

Madras. — To  the  great  importance  which  an  accessible  supply  of 
good  coal  would  possess  in  Madras  is  no  doubt  to  be  attributed  the 
number  of  discoveries  in  that  part  of  India  of  so-called  coal  seams^  which 
on  investigation  by  qualified  experts  have  in  most  cases  proved  to  be 
something  very  different  from  what  the  enthusiasm  of  the  discoverers 
led  them  to  believe.  These  discoveries  which  were  calculated  to  and 
did  stimulate  the  interest  of  the  Government  and  the  public  gave  rise 
to  a  large  amount  of  literature,  whether  in  the  form  of  original  descrip- 
tions, with  the  speculations  dependent  thereon,  or  of  subsequent  corre- 
spondence. As  this  literature  still  exists  it  is  only  right  that  it  should 
be  noticed  here.    The  statements  made  in  one  volume  must  be  placed  side 
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by  aide  with  their  refatation  in  others.  If  this  were  not  done  the 
former  might  be  a  cause  of  trouble  and  confusion  in  the  future  wheti 
all  memory  of  the  refutation  had  passed  awaj.  As  a  rule  the  extrava- 
gant specalations  of  enthusiasts  find  a  more  ready  circulation  than  do 
the  more  matter  of  fact  and  often  less  sanguine  opinions  of  experts. 

As  evidence  of  the  thoroughness  with  which  search  has  been  made 
in  the  Madras  Presidency  the  following  are  not  without  their  value. 
It  would  surprise  and  amuse  the  reader  were  a  list  made  of  all  the  hete- 
rogeneous substances  whose  presence  has  been  stated  to  affonl  **  favour- 
able indications  "  of  the  presence  of  coal. 

Malabar:  Bepue  oe  Bbypoor,  Lat.  IT  10';  Long.  75^  5.*i' . — A 
carbouaeeous  deposit,  which  was  discovered  at  several  points  along  the 
Malabar  coast  by  Captain  Newbold'  and  General  Cullen/  having  given 
rise  to  a  supposition  that  oca!  might  bo  found  close  by,  may  be  most 
conveniently  described  here. 

The  first  exposure  of  this  bed  described  by  Captain  Newbold  wm 
seen  in  the  bank  of  the  Bepur  river  within  the  range  of  the  tide.  It  was 
a  lenticular  mags  varying  in  thickness  from  5  feet  down  to  2  inches. 
Portions  were  laminated  and  earthy;  others  seemed  to  consist  wholly  i>f 
carbonized  woody  matter ;  tlie  colour  varied  from  greenish  to  jet  black. 
In  places  shells  wore  imbedded.  The  further  description  mentions  car- 
lK)nized  trunks  and  branches  eroded  and  projecting  from  the  ma^. 
Similar  deposits  were  met  with  at  Vorkully  or  Warkilly,  15  miles  south 
of  Quilon,  in  the  banks  of  the  Tutalla  river,  in  South  Malabar  and 
between  Puulghaut  and  Calicut.  The  bed  at  tiuilon,  which  had  a  lenti- 
cular shape,  was  stated  by  General  Cnllen  to  be  included  in  laterite 
which  rests  on  gneiss.  This  locality  has  been  reci*ntly  examined  by 
Mr.  King,  who  has  found  that  the  lignite  occurs  with  tertiary  sand- 
stones and  alum  shales  which  he  thinks  are  proljably  of  the  same  age  as 
Ihe  Cuddulore  sandstones.  There  appears  to  be  no  prospect  of  theee 
deposits  yielding  a  large  amount  of  fuel. 

Mysore. — Br.  Hunter,''  Superintendent  of  the  School  of  Art«, 
Madras,  described  as  coal  a  substance  received  from  Dr.  Orr,  of  Banga- 
lore, which  be  says  was  poor  shaly  stuff,  and  which  bunit  feebly,  omitting 
a  bituminous  smell, but  did  not  catch  fire;  it  was  in  thin  layers  notmorv 
than  from  half  an  inch  to  three-fourths  of  an  inch  thick.  It  was  tM)lourcd 
green  with  chlorite,  and  the  fact  of  its  being  in  very  small  pieect*  and 
associated  with  what  is  called  a  tnie  transition  conglomerate,  very   rich 

•  Madni»  Jwr.  nf  \M.  und  8<»i..  Vol.  XI.  i*.23». 
»  Op.  ft  vol  at.,  p.  i'iZ. 

*  Itidiiin  Ecoiiouitiit,  II.  p.  210. 
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liotli  in  iron  and  manganese,  was  apparently  coosidefod  to  be  a  gfKxl 
'  indication/  Tliis  coal  docs  not  apiiour  U)  have  attached  so  much  notice 
n«  some  of  the  other  *  discoveries '  noted  Im»!ow. 

Bellaiy. — Near  the  YernigorKly  hill  samples  of  ooal  were  discovered 
by  Dr.  Hunter  in  1H71,  and  the  Madras  Go vcmnicnt  were  strongly 
urged  to  have  borinf^s  made  in  onler  t/)  win  the  seain  from  which  they 
were  mipposed  to  have  corac.  Before  this  ^vas  done  Mr.  Foote'  wns 
deptit-ed  to  examine  the  actual  spot  where  the  coal  had  been  picked  up. 
He  found  the  prevailing  rocks  were  granitic  gneiss  traversed  by  trap, 
and  he  demonstrated  most  clearly  that  the  coal  must  have  either  dropped 
off  a  paiJsing  cart  or  liave  \>cei\  eniTied  by  some  other  meons  from  a  depot 
of  English  coal  on  the  railway,  3  miles  off. 

Nellore. — Mr.  G.  Powell  *  in  lb67  disoovered  in  four  different  spots 
ID  the  Caligherry  taluk  a  substance  which  he  states  Itas  such  a  sin>iig 
similitude  to  ctml  that  he  "  takes  the  lilwrty  of  calling  it  coal, "  and  the 
places  where  be  obtained  it  in  quantities  '  seams;'  notwithstanding  his 
matter-of-fact  account  of  its  mode  of  occurrence  hia  samples  proved,  on 
eiamination  by  Mr.  Wall,  to  bo  simply  fragments  of  schorl,^  but  they 
did  include  one  combustible  substance  which  Mr.  Wall  stated  to  bo 
asphalt,  btit  it  appeared  to  have  no  history.  Some  real  coal  that  had 
previously  been  found  here  by  Mr,  Powell,  Mr.  Wuli  concluded  ha<l  Ikjcu 
carried  there  by  accident  A  piece  of  lignite  from  the  alluvium  in  the 
Tada  taluk  had  been  shown  to  Mr.  Wall  by  Dr.  Hunter. 

Eadapah. — Dr.  Hunter  in  the  year  1871  brought  to  the  notice  of 
the  Madras  Government  the  opinion  of  a  Mr.  Adams,  a  practical  coal- 
minor,  that  there  wei-c  good  indications  of  coal  at  a  spot  5  miles  nortli- 
north-west  of  Kadapah,  where  the  limestones  of  the  Kamul  series  have 
l»cen  quarried.  The  locality  was  visited  by  Mr.  Foote,*  who  failod  to 
find  the  faintest  trace  of  any  carbonaceous  matter  in  the  rQ,cks. 

Kistna  District :  Jugiapbtta. — In  the  year  1851  Colonel  Applegarth 
was  impressed  with  the  idea  that  the  rocks  of  Jugiapetta  contained  coal, 
and  having  made  several  small  sinkings  a  substance  was  brought  to  him  by 
those  whom  he  employed  which  supported  combustion  ;  much  correspond- 
ence cnsned,  and  at  last,  in  January  ls68,  the  locality  w;is  visited  by  Dr. 
Oldham,  who  was  aceonipaniud  by  Colonel  Applegarth  and  Mr.  Sturt, 
Acting  Head  Assistant  of  the  district,  who  had  already  endeavoured,  with' 
out  success,  to  find  traces  justifying  a  belief  in  the  existence  of  a  coal- field, 

•  1U*ror<ls,  O.  S.  U  Vol.  IV.  p.  1^ 

^  Mjulnu  Jour,  of  Lit.  auJ  Set..  Vol.  XVIII,  p.  191. 
'  iUmt.  King,  W..  Hw.nln,  (I.  M.  I..  Vol.  VII,  p.  IfiO. 

•  liocwd*.  II.  S   I,  Vul.  VI,  y  17. 
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After  careful  examination,  Dr.  Oldham  was  compelled  to  report*  that  there 
were  no  grounds  whatever  for  hope  that  coal  would  he  fonnd  in  the  area. 
The  rocks,  without  exception,  belonged  to  formations  long  anterior  to  the 
coal-bearing  rocks  of  India,  and  their  lithological  and  metamorphosed  char- 
acters were  wholly  inconsistent  with  the  idea  of  coal  occurring  with  them. 
There  was,  moreover,  no  more  reason  for  coal  occurring  there  than  in  any 
other  part  of  the  districts  whore  the  same  rocks  are  found. 

The  Government  of  Madras  accepted  with  regret  the  fact  that  Dr. 
Oldham's  exploration  and  report  had  proved  '  beyond  all  doubt '  the  non- 
existence of  coal  in  the  valley  of  the  Kistna. 

But  the  matter  waa  not  allowed  to  drop.  Colonel  Applegarth  again 
and  again  addressed  the  Government  on  the  subject,  and  published  letters 
in  English  and  Indian  newspapers,  insisting  upon  the  existence  of  a  coal- 
field where  the  subsequently  published  geological  report  by  Messrs.  King  * 
and  Foote'  showed  it  absolutely  impossible  that  coal  measures  were  ever 
found.  At  length,  in  the  year  1874,  on  the  suggestion  of  Mr.  H.  B. 
Medlicott,  then  Officiating  Superintendent  of  the  Geological  Survey  of 
India,  the  Government  of  India  addressed  a  letter  to  the  Government 
of  Madras,  proposing  that  Mr.  Vanstavem,  then  engaged  on  borings  in 
the  Beddadanol  field,  should  be  direot^l  to  set  the  matter  finally  at  rest  by 
making  borings  at  points  indicated  by  Colonel  Applegarth  with  his  own 
hand  on  his  own  map. 

In  April  1875  Mr.  Vanstavern  supplied  sections  showing  the  rocks 
passed  through  in  11  borings  at  the  indicated  localities  at  llavoralu  and 
Vadadey.  These  borings,  it  is  perhaps  almost  needless  to  remark,  did  not 
prove  the  presence  of  any  rocks  younger  than  those  seen  at  the  surface, 
nor  did  they  encounter  any  rock  resembling  coal.  Phcenix-like  this 
matter  will  possibly  again  rise  under  the  fostering  care  of  some  enthusiast 
who  may  meet  with  the  early  positive  statements.  It  is  for  this  reason 
alone  that  so  many  lines  have  Ijeen  devoted  to  the  subject  here. 

Having  thus  pointed  out  certain  localities  where  coal  does  not  occur 
within  the  limits  of  the  Madras  Presidency,  it  is  now  necessary  to  pass 
to  the  description  of  those  where  it  does.  Although  there  is  an  cxten- 
sive  tract  of  Kamthi  rocks,  which  may  overlie  coal  measures  in  the 
Oodavari  valley,  there  are  only  a  few  points  on  its  margins  where  they 
actually  crop  out,  and  as  yet  it  is  not  known  how  far  they  may  extend 
underneath,  nor  at  what  depths  the  coal  would  be  found  if  deep  borings 

'  Frnowclingf,  Mndrni  GoToromcnt,  B«venae  Oepariisent,  6tb  Marcli  1868. 

'  M#tii.,o.«.  i„voi.  vni. 

'  S})«ciBl  momomndiitn  oa  iho  coljcct  bj  Mr.  Foot«,  Department  of  AgricuUnrv, 
Utfwuuo,  luul  Coinuorcc,  1874. 
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were  niidertak<»fi.    These  oute^jpe  are   at  Bedodanol,   Maxlavaram    (or 
Damercherla)i  otid  at  Lingalla, 

Bbddadanol,  Lat.  17'  14';  Long.  8r  17'  80".— ThiB  field,  wliich 
10  about  5J  ftqnare  miles  in  extent,  is  eituated  about  38  miles  wcet- 
north-W€»t  of  Rajaniahendri.  It  was  first  discovered  \>y  Mr.  W.  T« 
Blanford*  in  1871.  Subsequently,  in  1875,  it  was  vieil^'d  by  Mr.  King,* 
who  gives  further  details  as  to  the  strata  which  are  exposed.  No 
coal  was  seen,  but  the  sandstones  prcsentetl  a  strong  resemblance  to 
those  of  the  Singarcni  field.  Borings  made  here  by  Mr.  Vanstavem  in 
1874  fully  bore  out  tlie  prediction  that  this  was  an  area  of  coal  measumit, 
as  four  seams  were  strta-k,  the  largest  Ijcing  i^  foet  thick  and  at  a  tlepth 
of  188  feet  4  inches  from  the  surface.  But  the  qtmlity  of  the  t-oaj,  as 
indicated  by  analyses  made  by  Mr.  Twoen,  siiowed  that  it  was  excessively 
poor  stuff  and  perfectly  worthless  as  fuel.  This  is  a  most  unfortunate 
fiact,  as  the  discovery  was  the  first  genuine  one  which  Ixad  been  made  in 
the  Madras  Presidency. 

The  analyses  were  as  follows  :— 

Are  rage. 
Coal.     Cobe. 

Carbon    .  .       .  16*4       82-5 

Volatile  .  .        .  30-a 

A*h 63-0        77*5 


Pickfd. 

Coal.        Coka. 

37U        60-5 

37-8 

2o-2        4/V5 


locK)     Kuro 


1000       lOCK) 


It  seems  to  be  still  possible,  however,  that  borings  to  tlic  deep,  within 
the  margin  of  the  overlying  Kamthi  rocks,  may  prove  cool  of  l^etler 
quality  and  greater  thickness.  The  coal  pnjvcd,  it  should  be  rcinen»bcrod, 
was  in  all  probabihty  near  the  original  edge  of  the  deposit,  when?  it 
might  easily  be  less  pure  and  less  thick  than  nearer  to  the  centre  of  ths 
liasin. 

DAMERcnBttfA  (or  Madavaram),  Lat.  17*  86';  Long.  81*  7^— The 
most  ira[>ortant  portion  of  this  field  l>eiiig  includctl  on  the  Nizam's  side 
of  the  river  Godavari,  it  will  l>c  dcscribtnl  below.  The  amount  of 
coal  on  the  British  side  is  considered  by  Mr.  Blanford  not  to  exceed 
25,000  tons. 

LiNOALLA,  Lat.  18';  Long.  80'  54'. — In  the  small  area  of  Barakar 
or  coal-measure  rocks  surrounding  Liugalla,  two  seams,  neither  of 
tbem  exceeding  2  feet  in  thickness,  were  found  by  Mr.  Blanford'  in 


»  Becordn.  0.  S,  L.  Vol.  IV.  p.  tl). 

«  Idfm,  Vul.  V,  p.  112,  and  Vol.  VII.  p.  159, 

>  K4>corU»,  0.  S.  I.,  VoJ.  IV.  p.  5». 
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tlio  hank  of  the  Gotlavnri,  and  another  5  feet  thick  in  its  hcd.  A  boring 
put  down  to  test  the  extension  of  this  bed  inland  was  unsuccessful. 

In  the  year  1S80,  officers  in  the  Nizam's  service  were  engaged,  acQ)i'd- 
ioj?  to  Mr.  King/  in  making  borings  to  test  the  field  on  the  western 
side  of  the  river,  but  with  what  results  is  not  at  present  known. 

As  the  coal  found  on  the  British  side  is  of  poor  quality,  and  as  it 
would  be  difficult  to  work  these  beds  under  the  bed  of  the  river,  even  if 
they  were  of  better  quality,  the  field  is  not  of  much  value, 

Hyderabad  or  Nizam's  Territory.— AUhouj^h  in  Part  I  of  this 
work  the  coal-bearing  rocks  of  the  valleys  of  the  Godavari  river  and 
its  tributaries  have  been  treated  as  a  whole  without  special  reference 
to  territorial  boundaries,  in  this  economic  account  it  has  been  thought  to 
be  advisable  to  group  the  actual  coal-fields  according  to  the  territories 
in  which  they  respectively  occur.  It  is  for  this  reason  that  the  coal- 
fields of  this  tract  am  disassociated  from  one  another  under  the  headintrs 
of  Madras,  Hyderabad,  and  Central  Provinces  with  Berar. 

Within  the  limits  of  the  Nizam's  territory  coaUl^aring  Banikar 
rocks  arc  found  in  the  following  localities  proceeding  from  south  to 
north :  Kunnigiri,  Madavaram  or  Damercherla,  Singareni,  Alapalli, 
Kamaram,  Bundella,  Cbinur  (or  Sandrapali),  Tandur,  Aksapnr,  Antar- 
gaoD  and  Sasti. 

These  localities,  with  the  exception  of  Alapalli,  are  all  situated  on  or 
beyond  the  margins  of  a  tract  of  Kamthi  rocks,  which  doubtless  overlie 
coal  measures,  but  to  what  extent  is  not  yet  known.  It  can  only  bo 
determined  by  deep  borings.  Mr.  King's'  recently  published  memoir 
contains  the  latest  information  on  the  subject. 

Kunnigiri  oa  Kanioiieri. — Tliis  is  a  small  tract  of  Barakar  rocks, 
wliich  extends  for  a  distance  of  about  6  miles  at  the  salient  angle  of 
the  lower  Godavari  basin,  25  miles  south-west  by  west  of  Bhadrachellum. 
No  coal  ha*  yet  been  found,  but  the  presence  of  the  coal-measure  rocks 
is  of  great  importance  with  reference  to  future  exploration  by  boring. 

Madavaiam  OTi  Damercherla,  Lat.  17*86';  Long.  81"  7/ — This 
small  field  is  situated  in  the  bed  of  the  Godavari  below  Bhadrachellam, 
extending  thence  for  a  short  distance  on  either  side  into  British  and 
the  Nizam's  territory  respectively.  It  was  first  reported  upon  by 
Mr,  W.  T.  Blanford'  in  1S71,  by  whom  it  was  estimated  that  on  the 
British  side,  as  above  stat^^d,  there  arc  25,000  tons  of  coal,  of  which 
perhaps  only  half  are  available  on   account  of  the  great  admixture  of 
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sYmlc.  Under  the  orders  of  Hie  Cracf^  tbe  Diikc  of  Bnckinp^lmni  a  shaft 
was  Slink  to  a  depth  of  56  feet  last  year  (1S80)  ;  bat  the  work  is  now 
at  a  stand-still. 

In  the  bed  of  tlic  river  on  the  Nizam's  side  a  series  of  11  borinjET* 
were  suggested  by  Mr.  Blanford,  but  aft^jr  six  had  been  carried  out  o^iera- 
tion8  ceased  in  consequence  of  representations  roado  by  the  Nizam's 
Govemraent.  In  1874«,  according  to  Mr.  King,'  some  borings  were  mmle 
by  the  Nizam's  officers  in  an  area  3  miles  from  the  village  of  Kya- 
goodiura,  and  6  miles  south  of  the  Godavari.  Tliree  seams  of  ooal  were 
discovered  as  follows :  (I)  One  foot  thick  at  24-7  feet  from  surface; 
(2)  four  feet  thick  at  272  feet;  (3)  six  feet  thick  at  31  i  feet.  The 
quality  of  the  coal  appears  to  have  been  somewhat  inferior.  For  a  fuller 
account  of  this  field  reference  should  be  made  to  the  paf)er8  quoted, 

SiNQARRNU-'Tbis  field  is  situated  near  the  village  of  Sing:ireni,  lat. 
17*  30'  30";  long.  80'  20',  in  the  Hyderabad  territory,  about  30  miles 
to  the  Bouth-ea«t  of  the  Kamaram  field.  Its  area  is  19  square  miles, 
the  coal  measures  being  found  throughout  about  S  square  miles.  The 
groups  represented  are  Kamthis,  Barakars  and  Talchirs.  One  coal 
seam  was  originally  discovered,  but  being  mtich  concealed  its  thickness 
was  not  ascertained ;  an  assay  of  a  sample  from  it  gave  result  A — 


Fixed  carbon 
Volatile  . 
Moisture  (6) 
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Four  SPams  have  siiK  <•  ln^on  proved  liy  liorini;.  Their  thiokncssc<» 
arc  respectively  fi,  3,  IS,  aiiil  31  feet.  The  la*st  is  said  to  consist  of  9»>li<l 
coal ;  an  assay  of  a  sample  yielded  the  result  given  above  nnder  B. 

This  field  may  possibly  become  of  some  economic  importance,  as 
tlierc  is  some  prospect  of  there  being  a  railway  constructed  at  no  great 
distance  fi-om  it,  from  Hyderabad  to  Bozwada. 

Already  300  tons  of  coal  from  it  have  l)een  carted  to  Hyderabad, 
where  it  was  found  to  answer  well  both  for  smithy  purposes  and  in 
stationary  engines.  It  has  also  been  tried  on  the  Madras  Riiilwny,  but 
at  present  cost  it  cannot  compet^i  with  patent  fuol  there.  It  was  found, 
however,  to  be  a  serviceable  fuel.  For  a  full  account  of  the  trial  refer- 
ence should  be  made  to  Mr.  King's  report.' 
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0;  §bould  cost  only  R«.  19    2 

0  „        „       ,.     16    7 

0  „     1«    3 

5  „     11  13 

5  „        „       „    35    \ 


Patent  fuel  is  at  present  used  on  the  Madras  Railway  at  a  cost  of 
Rs.  22-11-9  per  ton.  The  following-  table  recoivod  by  Mr.  King^ 
from  Colonel  Sankey,  C.B.,  Chief  Engineer  to  the  Madras  Government, 
will  show  at  what  cost  coal  from  different  6elds  must  be  laid  down  in 
Madras  in  order  to  compete  with  this  fuel  :— 

KarbarbAri  coa!  costs  at  IVTndras  Rs.  27     4 
Barftkor  ,.   21    0 

Ditto  „   22  12 

RAoiganj      „        „  „  „  20    3 

Singarcni  (triftl)     „  »  „   29    7 

The  Raniganj  coal  iiflcd  in  this  trial  cannot  have  been  even  of 
average  quality.  According  to  Mr.  J.  Blackburn  coal  costing  Bs.  10  a 
ion  loaded  in  Calcutta  can  now  be  delivered  into  carts  in  Madras  for 
Rs.  510-1-6. 

Alapalli,  Lat.  17»  60' ;  Long.  Sl»  32'.  Mr.  Blanford*  describes  the 
discovery  of  fragments  in  the  Kinarswami  stream,  a  tributary  of  the 
Godavari,  near  a  village  called  Alapalli,  SO  miles  south-west  of  Duma- 
gudam.  The  rocks  seen  there  seemed  to  be  Barakars,  but  no  scam  was 
found,  though  a  concealed  outcrop  may  exist  under  the  sand. 

Kamasam,^  Lat.  18"  5';  Long.  8U°  14'. — This  name  has  been  given  to 
two  small  fields  situated  near  ibe  village  of  Kamaram,  which  lies  40 
miles  a  little  north  of  east  from  Waraugul,  in  the  Hyderabad  territory. 

The  larger  one  is  6  miles  long  by  about  I  mile  broad  j  it  consists  of 
Talchir,  Barakar,  and  Kamthi  rocks.  It  includes  two  coal  seams  of  fair 
coal,  measuring  resjjectively  9  feet  and  C  feet.  The  available  coal  is 
estimated  at  1,132,5G0  tons,  and  it  is  stated  to  be  equal  to  the  average 
coal  of  the  Wardha  lields.  Its  position  is  unfavourable  to  its  develop- 
ment, water  carri;ige  beiug  too  far  distant.  The  smaller  field,  which  is 
about  half  a  square  mile  in  area,  is  believed  to  be  of  no  importance. 

CuiNua,  Lat.  18^  50'  30";  Long.  79'  54',— A  narrow  outcrop  of 
Barakar  coal  mexisures  between  the  village  of  Chinur  and  Sandrapali  was 
discovered  by  Mr.  Hughes.^  The  total  thickness  of  the  l>eds  is  200 
feet;  no  outcrop  of  coal  is  disclosed,  but  large  fragments  of  coal  which 
had  been  carried  into  the  Godavari  by  the  Sandrapali  stream  were  found. 
Air.  Hughes  is  of  opinion  that  a  boring  on  the  right  bank  of  the  Goda- 
vari below  the  jKiint  where  the  stream  joins  it  will  strike  coal  at  no  great 
depth.  He  alludes  to  the  old  operations  in  connection  with  the  supposed 
occurrence  of  coal  at  Kota,*  4  miles  north  of  the  Godavaru 

'  Record*.  0.  8.  I.,  Vol.  IV,  p.  82. 

«  King,  W.    ttwonUj,  O.  8.  I.,  Vol.  V.  p.  60;  »wl  Moti.,0.  8.  L,  Vol  IIX,  Part  1. 

•  Beoonln,  O.  S.  1.,  Vol.  XI,  p.  22. 
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Tanduk,  Lat.  19°  9' ;  Lon^.  79''  80'. — As  boingr  alH.ut  the  ocntxc  of 
a  strip  of  Barakar  rocks,  which  extends  fn»m  Kuir^im  t»  Aksnpali,  the 
village  of  Tandur  may  be  used  to  indicate  the  iToeition.  It  contains 
one  Beam  of  15  feet,  most  of  which  is  coal  and  much  of  that  of  fair 
(juality.  Mr.  Hughes  (/.  c.)  traced  this  seam  with  varying  thickness  aa 
far  as  the  Yuloti  river,  where  the  dip  is  1 1'  to  north  20°  caat.  To  test 
its  further  extension  Bouthwards  borings  ai-e  recommended. 

Aksapur,  Lat.  19'  21' ;  Long.  79°  28'.— Between  Kasni  and  Aksa- 
pur  there  is  a  small  exposure  of  Biindcars,  but  no  coal  is  yet  known  to  exist. 

Antaroaon,  Lat.  19^  32'  SO'jj  Long.  79'  33.'— South  of  Antar- 
gaon  the  Barakar  rocks,  according  to  Mr.  Hughes,  include  a  seam  of 
about  6  feet,  of  which  9  inches  is  shale.  The  following  analyses  arc  from 
this  locality  and  from  the  above-mentioned  Kairgura  ecam:  — 

Kairirnm.  AnUrraoa. 

Carbon    .  •    ^^C*  5]  2fi 

Volatile.  .  .    42*2  2826 

Adi       .  •    122  20*40 


Moisture »**  87 

Mr.  Hughes  states  that  the  Antargaon  aaraplee  were  from  the  miiw 
face;  they  may  therefore,  perhaps,  not  give  a  fair  indication  of  the 
quality  of  the  coal.  Both  coals  include  a  large  proportion  of  moisturo, 
which  is  a  common  characteristic  of  the  coal  in  these  fields. 

Sasti. — The  coal  of  Sasti  and  Paoni  will  be  referred  to  again  in  the 
accoant  of  the  Chanda  field,  although  it  is  in  Hyderabad  territory.  One 
seam  of  50  feet  has  been  proved.  It  contains  a  considerable  [>ro[MDrtion 
of  good  coal  from  which  fair  results  were  obtjiined  in  a  trial  at  lk>mbay. 
Mr.  Hughes  estimator's  the  area  to  be  14  square  miles.  Mining  ojwrations 
were  carried  on  here  by  the  Nizara*s  olficers  from  1871  to  1S74. 

Orissa:  Talchir.» — The  Talchir  coal-field  is  situated  in  the  valley 
of  the  Brahmini,  which  may  be  regarded  as  a  tribtitary  of  the  Mahana<li, 
since  it  anastomoses  with  it  in  the  conjoined  deltas.  The  area  is  about 
700  square  miles  in  extent.  The  groups  represented  have  the  following 
estimated  thicknesses:  Mahadcva,  1,.500  to  2^000  feet;  Kamthi  and 
Barakar,  about  1,800  feet;  Talchir,  600  fwt.  The  Talchir  group 
received  its  name  from  this  locality,  a  Native  State,  where  it  was 
first  discriminated. 

The  coal  is  of  inferior  quality;  one  largo  seam  at  Gopalpersad  is 
Wg^ly  made  up  of  carbonaceous  shale,  being   similar  to  that  to  bo 

'  Blanfordan.l  Theobald.  Mom.,  G.  S.  T,  Vul.  I,  n>-  33,  88;  Ball  lUconl*,  0,8. 1., 
Vol.  X.  |>p.  170.  173. 
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(It'srriljod  as  Ofrciirn'nj?  tn  Hing'lr.  In  assays  wliicb  have  hven  made  of 
fair  samples  of  the  coal  from  the  two  princi|Mil  seams  at  Patnij>ara, 
the  fixed  carbon  did  not  exceed  30  per  cent.,  while  the  proportion  of 
fl«h  ranj^ed  from  30  to  over  40  per  cent.  In  a  practical  trial  at 
Cuttack  of  some  of  the  Gopalpersad  coal  there  was  a  residue  of  34  per 
cent,  of  ash  and  clinker.  The  demand  for  coal  in  Orissa  is  too  limited 
to  render  it  probable  that  nnder  present  conditions  of  communication 
the  field  will  ever  bo  of  much  value. 

Further  to  the  south-east,  partly  in  the  Athgarb  State  and  crossing^ 
the  river  not  far  from  the  town  of  Cuttack,  there  is  an  area  of  sandstones 
and  conglomerates  in  which  fossil  plants  of  the  Hajmahal  ^roup  occur.  It 
was  at  one  time  thoujjht  that  these  mi^^ht  overlie  coal  measures,  but  there 
is  no  sign  of  the  characteristic  coal  measures  anywhere  on  the  margin  of 
the  deposits.  Some  black  sliales  seen  near  Naraj  encouraged  the  idea  that 
cotl  would  bo  found,  but  these  really  belong  to  the  non-coal-bearing 
Hajmahal  group. 

Bengal :  Midnapur.— Among  the  cases  of  supposed  discoveries  of 
coal,  descriptions  of  which  are  given  in  these  pages,  one  which  luwl  for 
its  scene  the  jail  grounds  of  Midnapur,  is  distinguished  by  its  having 
been  a  deliberate  and  cleverly  conducted  attempt  to  deceive  the  pul»lic. 

During  the  sinking  of  a  boring  for  an  artesian  well  in  the  Central 
Jail  at  Midnapur  in  the  year  1869,  a  European  convict  who  was  placed 
in  charge  of  the  work,  first  as  a  prisoner  and  afterwai-ds,  when  his 
time  had  expired,  as  a  free  man,  expressed  a  confident  opinion  that  if  the 
boring  were  carried  on  beyond  the  depth  of  118  feet,  where  a  second 
water-bearing  stratum  had  been  found,  then  coal  would  be  struck.  Proof 
of  the  correctness  of  these  pre<iictions  was  soon  forthcoming,  for  at  121 
fcot  it  was  announced  that  a  coal  seam  had  been  reached,  and  at  a  depth 
of  130  feet  it  was  believed  that  the  scam  still  cmt.inuwl.  Samples  of 
the  coal  on  being  analysed  gave  excellent  results,  and  much  interest 
was  excited  by  what  appeared  to  be  so  important  and  valuable  a  disco- 
tory.  Orders  were  issued  to  test  the  extent  and  dip  of  the  seam  by  addi- 
tional borings,  and  new  boring  tools  were  ordered  by  telegram  from 
England.  These  were  put  down  and  operations  were  continued  with 
Tarying  and  most  unexpected  results  which  it  is  needless  t^  detail. 

The  operations  which  were  at  first  conducted  independently  of  the 
Superintendent  of  the  Geological  Survey,  were  subsequently  carried  on  in 
communication  with  him.  lliere  being  no  a  priori  argument  against  the 
possibility  of  coal  being  found  under  the  alluvium  and  latcrite  of  Midna- 
pur, the  Executive  Engineer,  who  initiated  the  operations,  was  advised  as 
to  the  best  method  of  Usting  the  matter  thoroughly.    There  would  be  no 
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object  attained  by  giving  here  aprscis  of  the  pile  of  correspomlence  exist- 
ing with  reference  to  this  matter;  it  will  be  sulfieieut  tostRto  thftt  on  the 
bore  holes  being  subjected  to  a  careful  watch  tlie  crial  ceased  to  appear, 
and  shortly  afterwards,  in  December  1870,  the  ex-convict  absconded,  and 
on  his  house  being  broken  into,  prepared  coal  was  found  as  well  as  large 
lumps,  and  it  wascompkitely  established  that  all  the  coal  which  had  been 
brought  up  by  the  boring  tools  bad  been  first  put  down,  and  that  12 
months  of  labour  and  not  a  little  expense  hod  been  caused  by  thtt  cunning 
and  deception  which  had  been  pnu.'tii*c'd  by  this  man.  The  subsetpicut 
proof,  to  the  satisfaction  of  the  autliorities^  that  there  never  had  been  a 
coal  seam,  was  not  obtained  without  a  further  exficnditnre  of  time. 

Calcutta.— The  fact  that  coal  was  once  ubtainLnl  at  a  cunsidcrablc 
depth  below  Calcutta,  though  perhaps  of  mor«  scientiiic  than  eeouomie  or 
practical  importance,  is  certainly  worthy  of  record  here,  and  it  is  so,  if  for 
no  other  reason,  because  this  opportunity  should  \je  availed  of  for  detail- 
ing the  actual  circumstances  connected  with  the  discovery. 

In  the  year  1837,  during  some  boring  ojH-rations  in  Fort  William, 
feveral  fragments  of  coal  were  brought  up  by  the  borer  from  a  depth 
of  392  foot.  These  were  forwarded  to  the  Asiatic  Society  by  Colonel 
McLeoil,  the  Chief  Eny^ineer. ' 

The  coal  had  a  specific  gravity  of  l'2i\  and  was  of  fine  quality,  resem- 
bling specimens  from  Asi^ani  nither  than  those  from  Bcngjil.  The 
fragments  were  rolled  and  had  evidently  travelled  from  some  distance. 
Mr.  Prinsep's^  asB'jiy  of  this  coal  was  as  follows : — 

Cttibon 35-1 

VoLitilc  matter  5'.>'3 

Ash  *         .         .        .  .  67 


hny 


It  was  therefore  a  very  light  bituminous  coiU,  which  may  have  come 
from  a  far  ilistant  source. 

Kajmaual  Uilu.'— The  Rajmahtd  hills  form  a  scries  of  low  platooas, 
which  are  situated  at  the  fjoint  where  the  Ganges  turns  southwards  to 
form  the  head  of  its  delta. 

The  formations  in  this  area,  which  are  connected  with  the  coal 
measures,  are  in  descending  order  ns  follows: — 1.  Laterite;  2.  Rajmahal 
group, consisting  chiefly  of  contemporaneons  traps,  with  betls  of  shale,  &c,, 
containing  fossils  plants,  1,500  feet ;  3.  Dubrajpur  group  (=Mahiulovas), 

*  Join-.,  U.  8oc..  Brngnl.  Vol.  Vl»  p.  700,  Corhju'i  Iwilian  li«v^«,  Vol.  II,  p.  il8. 
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460  feet ;  Barakar  g^oup  (coal  measures)  j  5.  Talcbir.  The  whole  cover  a 
total  area  of  about  4,000  square  miles,  but  the  cooJ  measures  are  exposed 
over  only  70  square  miles;  they  doubtless  extend,  however,  over  a  vastly 
greater  area  underneath  younger  formations.  Separated  by  these  overly- 
ing rocks  five  distinct  areas  or  fields  may  be  enumerated;  1.  Hura;  2. 
Chaparbhita;  8.  Pachwara;  4.  Mhowagurhi;  5.  Brahmini.  These  are 
all  on  the  western  marjjfin  of  the  hills.  There  is  no  continuity  between 
the  seams  of  these  areas,  and  estimates  as  to  the  amount  of  coal  could 
only  Ije  made  on  the  vaguest  and  most  imperfect  data.  It  will  be  an 
interesting  and  economically  important  point  to  decide  whether  the 
coal  measures  extend  underneath  the  traps,  &c.,  to  the  east.  If  so  they 
would  be  close  to  the  water  carriage  of  the  Ganges.  A  boring  which 
was  made  a  few  years  ago  with  the  object  of  finding  out  whether  any 
coal  occurred  with  some  Barakar  sandstones  near  Akbamagar,  north-west 
of  Rajmahal,  did  not  prove  successful.  It  was  carried  to  a  depth  o£  &56 
feet  without  getting  through  the  supposed  Barakar  sandstone. 

The  coal  of  this  area  is  for  the  most  part  stony  and  bad.  It  is  not 
now  regukrly  mined,  but  a  large  quantity  was  extracted  during  the 
construction  of  the  East  Indian  Railway.  Should  the  occasion  arise  for 
re-opening  the  mines  it  is  possible  that  some  of  the  seams  might  be 
found  to  improve  to  the  deep,  although  past  experience  of  them  is  not 
encouraging. 

In  Dr.  Oldham's  report  on  the  coal  resources  of  India  returns  are 
given  of  the  out-put  from  these  fields  for  the  three  years  inclusive 
from  1858  to  1860.  The  most  important  mines  were  in  the  Hura  field, 
whore  from  two,  Hura  and  Borah,  a  total  of  about  40,000  tons  was 
extracted  in  the  two  years  1859-60.  The  next  in  importance  were  at 
Tceaphuli,  in  the  Chaparbhita  field,  where  about  16,500  tons  were  raised 
in  the  three  years.  Altogether  it  is  probable  that  not  more  tlian  100,000 
tons  have  been  raised  from  tht'se  fields,  and  of  that  amount  a  largo  })ro- 
portion  was  very  poor  stuff. 

Jainti,  Sahaooei,  and  Kundit  KiiiiAUii. — Three  email  detache<l 
basins  or  outliers  of  coal  measures  bearing  the  above  names  occur  in 
the  districts  of  Birbhum  and  Deogurh,  where  motamorphic  rocks  mainly 
prevail.  These  fields  are  of  little  or  no  economic  importance,  as  the 
coal  is  of  poor  quality  and  limited  in  extent.  Samples  of  coal  from 
Sahajori^  whicli  in  Mr.  Hughes'*  opinion  represented  the  fair  avenge 
quality,  yielded,  according  to  Dr.  "Waldie,  28  to  87  per  cent  of  ash. 

Kariiarbaui  or  KuunuRBAU. — This  small  field,  having  an  area  of 
only  1 1   6<]uare  miles,  is  situated  in  the  district  of  Hazaribagh,  at  a  dis> 

1  Hon.,  Q.  8.  U  Vol.  Vil«  p.  S47. 
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tanee  of  aboat^OO  miles  trom  Calcutta  by  raiJ.  It  is  ot  great  import- 
ance, both  on  account  of  itg  {josiiion  and  the  quality  of  its  coal.  'Ilie 
eedimentary  groups  of  Gondwana  roclcB  represented  in  the  area  arc  Bara- 
kar  and  Karbarbari  (c<:>al  measures),  500  feet,  and  Talcbir,  600  feet 

According  to  Mr.  ilugbes'  tbe  coal  occurs  in  three  principal  seams 
which  have  an  average  total  thickness  of  16  feet.  They  spread  over  an 
area  of  8|  »}uare  miles.  The  amount  of  coal  he  therefore  estimated  at 
1,360,000,OUO  tons,  and  the  available  portion  of  this  at  80,000,000 
tons. 

An  early  sample  assay  gave  the  following  results — carbon,  66"  3; 
volatile  matter,  48;  ash,  10*7.  In  working  power  the  Karbarbari 
coals  were  stated  to  he  to  those  of  tike  Raniganj  field  as  lid  :  100. 

The  most  recent  contribution  to  the  hterature  of  this  field  is  a 
valuable  paper  by  Dr.  Walter  Saise,  P.G.S.,  Assistant  Manager  of  the 
East  Indian  Railway  collieries.^  By  a  somewhat  diifercnt  series  of 
data  derived  from  information  subseciuently  obtained  during  the  course 
of  the  mining  operations,  Dr.  Saise  arrives  at  what  are  practically  the 
same  figures,  as  to  the  amount  of  available  coal,  as  those  given  by  Mr. 
Hughes,  namely,  81,866,315  tons.  That  with  variable  seams,  both  as  to 
quality  and  thickness,  such  as  those  which  occur  in  this  field,  there  should 
be  differences  of  this  kind,  is  only  what  was  to  be  expected.  Thus  the 
Bhadua  seam  before  it  was  opened  up  presented  a  most  onpromising 
appearance,  and  it  was  impossible  to  predict  with  any  degree  of  safety 
that  it  would  be  found  to  contain  a  valuable  amount  of  useful  coal. 
The  following  tables  by  Dr.  Saise  give  first  the  commercial ;  secondly, 
the  ultimate  analyses  of  tha  neams ;  and  thirdly,  a  comparison  with 
Kaniganj  and  English  coals. 
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In  the  first  table  the  calorific  powers,  which  depend  principally 
upon  tlie  amount  of  fixed  carbon,  were  ascertained  by  Thomson's  calori- 
meter. The  figures  indicate  the  number  of  pounds  of  water  which  can  be 
converted  from  the  temperature  of  212°F.  into  steam  by  one  pound  of  coal. 
The  quality  of  Raniganj  coal  varies  so  g^reatly  that  it  would  probably 
not  be  quite  safe  to  rely  too  implicitly  on  the  results  set  forth  in  the 
third  table.  Certain  seams  in  the  Raniganj  field  consist  of  coal  quite 
equal  to  the  best  obtainable  at  Karharbari.  Still  the  fact  exists  that  for 
steam  work  the  Karharbari  coals  on  the  average  are  superior  to  those 
from  Raniganj. 

The  Companies  possessing  coal  mines  in  this  field  are  the  East  Indian 
Railway,  the  Bengal  Coal  Company,  and  Raniganj  Coal  Association.  The 
first  mentioned  possesses  by  far  the  most  considerable  proportion  of  the 
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area.  Accarate  stAtistios  of  the  total  amount  of  coal  raised  in  this  field 
since  mining  was  re^ularlj  commenced  about  12  years  ago  are  not  acces- 
sible. Dr.  Saise  estimated  up  to  the  end  ofl  879  that  1,500,000  t#m8  had 
been  removed.  According  to  the  Bengal  Administration  Reports  the 
total  outturn  from  the  KarhaiTbari  mines  was  for  vaiioua  years  as 
follows ; — 
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Should  the  output  rise  to  500,000  tona  per, annum,  as  it  seems  likely 
to  do,  the  life  of  the  coal-field  will  be  162  years. 

Raniganj '  or  Raneegunge. — This  field  is  situated  on  the  rocky 
frontier  of  Western  Benj^al  at  a  distance  of  1 20  miles  from  Calcutta. 

The  groups  represented  with  their  respective  thicknesses  are  as  follows : 
Upper  Panchet  or  Mahadeva,  500  feet;  Fanchet,  1,500  feet;  Raniganj, 
6,000  feet ;  ironstone  shale,  1,400  feet ;  Bamkar,  2,000  feet;  Talchir,  800 
feet;  total,  11,200  feet*  In  round  numbers  the  available  coal,  exclusive 
of  waste,  was  estimated  by  Dr.  Oldham  at  14,000  millions  of  tons. 

The  Ranigauj  coal-field  is  the  largest  and  moet  important  of  the 
areas  in  which  coal  is  worked  in  India.  Its  proximity  to  the  main  line 
of  railway  and  also  to  the  port  of  Calcutta  tend  to  give  it  pre-emi* 
nenre  over  other  less  favoarably  situated  bjcalities.  The  toUl  are* 
of  the  field  which  is  exposed  i»  about  500  square  miles ;  but  it  JM 
possible  that  the  real  area  may  be  even  double  that,  since  on  the  east  the 
rocks  dip  under  and  are  completely  concealed  by  alluvium.  Throughout 
this  area  a  central  zone  includes  the  principal  mines,  and  tlie  nuiueroua 
chimneys  which  occur  in  this  tract  make  it  the  '  black  country '  of  India. 
In  the  year  1774  coal  was  known  to  occur  there,  and  so  long  ago  as 
1777  was  actually  worked.  In  1830  several  colUeries  of  considerable 
extent  had  been  opened  out  and  were,  we  have  reason  to  believe,  in  a 
flourishing  condition. 

In  1872,  forty-four  mines  were  at  work,  nineteen  of  which  turned 
out  upwanls  of  10,0(JU  tons  each  per  annum.  At  the  present  time 
there  are  five  principal  Eurofiean  componies  engaged  in  the  extraction  of 
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ooal;  while  many  minor  tirms  and  native  associations  contribute  to  swell 
the  total  amount  raised.  The  five  companies  with  their  respective 
capitals  are  as  follows :  Bengal,  2,200,000 ;  Barakar,  150,000  ;  Equitable, 
800,(100;  New  Birbhiim,  720,000;  Raniganj,  825,000  rupees. 

Formerly  a  large  proj)ortion  of  the  coal  was  obtained  by  open  work- 
ings and  quarries,  but  at  the  present  day  most  of  the  seams  which  were 
accessible  in  this  way  have  been  exhausted,  and  regular  mining  is  now 
carried  on  with  more  or  less  system.  The  miners  are,  however,  indivi- 
dually, in  some  cases,  allowed  a  degree  of  freedom,  or  rather  licence, 
which  would  never  be  permitted  in  European  mines,  lliey  chiefly 
belong  to  two  races,  the  Bhauris  and  the  Sontals,  the  former  using  the 
pick,  while  the  latter  cannot  be  induced  to  work  with  any  other  tool  than 
a  crowbar,  with  which  they  produce  an  altogether  disproportionate  amount 
of  small  coal  and  dust.  The  pillar  and  stall  is  generally  practised  in 
preference  to  the  long  wall  system  of  "  getting  "  the  coal.  None  of  the 
mines  are  of  great  depth,  and  a  perfect  freedom  from  fire  and  choke 
damp  render  it  possible  to  carry  on  the  work  without  its  being  necessary 
to  adopt  the  precautions  which  in  England  only  too  often  fail  to  secure 
the  object  aim  :d  at.  Many  of  the  seams  are  of  considerable  thickness ; 
one  which  is  worked  contains  nearly  forty  feet  of  coal.  As  a  rule,  how- 
ever, the  very  thick  seams,  esi>ecially  those  in  the  lower  measures,  do 
not  contain  the  best  €oa1.  Compared  with  ordinary  English  coal^  the 
Raniganj  coals  and  Indian  coals  generally  ai-e  very  much  inferior  in 
working  power,  still,  as  is  well  known  in  India  though  not  perhaps  fully 
realised  in  EuroiHJ,  they  are  capable  of  generating  steam  in  Ijoth 
locomotive  and  other  engines.  In  1867-68  the  total  amount  of  coal  raised 
in  the  Rsiniganj  and  Karharbari  mines  was  56J<,933  tons;  but  in  1871-72 
the  total  amount  was  only  322,443  tons.  In  1878-79  the  coal  raised  in 
the  Raniganj  field  alone  amounted  to  523,097  tons,  while  that  in  the 
Karharbari  field  amounted,  as  already  stated,  to  381,173  tons,  making 
together  a  total  of  904,270  tons. 

The  following  is  quoted  from  the  resolution  on  the  subject  by  the 
Lieutenant-Governor  of  Bengal  lor  the  year  1878-79  : — 

"The  year  was  a  prosperous  one  for  the  coal  companies  of  Raniganj.  There  wao 
a  Iwrge  demand,  and  produclion  was  pi-eatly  stimulated.  The  output  i«  €«timrt«d  to 
hare  been  523,097  ton*  against  407,024  U>m,  the  nverage  of  the  three  previous  yparH, 
The  number  or  persons  employed  was  388,031  men,  194,647  women,  and  27,277 
children," 

The  coal  from  particular  seams  is  of  better  quality  than  might  ltd 
supposed  from  the  average,  but  the  nmount  of  fixed  carbon  appears  to  he 
distinctly  less  than  it  is  iu  the  Kai'barbari  coals. 
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The  average  of  tliirty-one  assays'  of  samples  from  different  minet 
gave  the  followiBg  results  : — 
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1000 


The  cost  of  Bt4?am  coal  at  the  pit's  mouth  is  from  Rs.  2|  to  R*.  3. 
Id  CalcuttA  the  same  coal  oogto  Re.  S  to  R«.  9,  and  in  Lahore  about 
Rs.  50 ;  hut  it8  price  of  course  varies  with  the  market  wliilc  th*j  cort  of 
production  remains  tolerably  constant. 

Jbaria  or  Jerlui. — The  Jharia  coal-field  is  situated  in  the  Tralley  of 
the  Damuda  River,  sixteen  miles  west  of  the  Raniganj  field.  It  is  nearly 
all  included  in  the  district  of  Manbhum  ;  it«  area  is  al^out  200  square 
miles.     It  has  been  fully  described  l>y  Mr.  T.  W.  H.  Hughes.* 

The  fulIowiDjj  groups  only  occur,  the  hi^h«T  |p*ouj>s  of  the  Raniganj 
field  being  unrepresented  ;  Raniganj,  2,200  feet ;  ironstone  shales,  700  feet; 
Barakar,  3,000  feet;  and  Takhir,  900  feet;  total,  6,800  feet. 

The  thickness  and  quality  of  the  seams  varies  a  good  deal,  bat 
there  is  no  doubt  whatever  that  this  Hold  contains  a  vast  quantity 
of  valuable  fuel.  One  seam  has  a  maximum  thickness  of  60  foct  The 
estimated  available  coal  in  this  ari^a  i-s  ^65  millions  of  tons. 

Whether  this  6eld  will  be  worketl  in  the  immediate  future  depends  very 
much  upon  the  possible  alignment  of  a  new  line  of  rail  way  communication 
with  the  Central  Provinces.  The  exhaustion  or  partial  exhaustion  of  coal 
in  the  Raniganj  area,  an  event  stilt  fardistant,  may  hereafter  lead  to  special 
arrangements  for  working  it.  Twenty  miles  of  very  simple  tramway 
would,  at  any  time,  bring  the  centre  of  it  into  communiczition  with  the 
present  terminus  of  tlio  branch  line  to  Bai'akar. 

It  is  somewhat  singular  to  rcJnt'C  that  at  so  early  a  period  as  1777'  a 
proposition  was  made  to  Uovcrnment  by  Messrs.  Farquhar  and  Motte  to 
be  allowed  to  cast  shot  and  shell  in  this  field.  In  1839,  the  abundance 
of  the  coal  there  was  announced  by  Lieutenant  Harryngton.  * 

BoKAKO. — This  field  is  situated  in  the  valley  of  the  Damuda  com- 
mencing atu  i>oint  two  miles  west  of  the  tertaiimtion  of  the  Jharia  licld. 
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Its  area  is  about  220  square  miles.  The  groups  represented  are  precisely 
identical  with  those  of  the  Raniganj  field,  namely,  IMahadava,  Panchet, 
Ranigauj,  Ironstone  shale,  1,600  feet;  Barakar,  Talchir. 

Some  of  the  coal  seams  are  of  large  size,  one  of  eighty-eight  feet 
having   been  measured.     The  quality  is  generally  inferior;  utill  there 
is  no  doubt  that  the  field  contains   a  vast  store  of  valuable  fuel,  the 
estimated  available  coal  being  1,500,000,000  tons.     Except  by  outcrop 
workings  nothing  has  been  done  to  develop  the  resources  of  this  field ; 
small  quantities  of  coal,  chiefly  for   domestic  purposes,  are  occasionally 
taken  from  it  to  Hazaribagh.     Owing  to  its  position  it  is  not  likely, 
unless  by  the  establishment  of  some  local  industry,  that  it  will  ever  be- 
come available  for  useful  purposes.      Even  should  a  line  of  railway  pass 
through  or  close  to  it,  as  has  been  proposed,  its  coal  could  not,  at  least 
for  many  years,  compete  favourably  with  that  obtained  from  other  fields 
which  are  closer  to  the  great  marts.     The  cost  of  additional  transport 
would  exceed  any  possible  profit.     A  full  account  and  map  of  ihis  field  by 
Mr.  T.  W.  II.  Hughes'  was  published  several  years  ago. 

Ramoakh.^ — This  field  is  situated  to  the  south  of  the  Bokaro  field,  in  the 
valley  of  the  Damuda.     Its  area  is  40  square  miles. 

The  following  groups  only  occur,  as  is  the  case  in  the  Jharia  field ; 
it  is  uncertain  whether  the  higher  groups  were  removed  by  denu- 
dation or  were  never  deposited  :  Raniganj,  300  feet ;  Ironstone  shale,  1,200 
feet  J  Barakar,  3,000  feet ;  Talchir,  860  feet;  total,  6,350  feet. 

ITie  coal  is  for  the  most  part  of  j>oor  quality  and  limited  in  extent. 
There  are,  however,  a  good  many  seams.  As  to  the  amount  available 
five  millions  of  tons  would  probably  be  a  safe  figure  to  put  it  at.  All  such 
calculations,  however,  are  liable  to  modifications  which  follow  from  data 
which  cannot  be  acquired  except  by  borings  or  shafts,  as  the  natural 
outcrops,  even  supposing  them  to  be  visible,  are  often  deceptive.  On  the 
one  hand  an  apparently  thick  seam  may  die  out  altogether  within  a 
short  diatance,  while  on  the  other  weathered  coal  at  the  surface  or 
marginal  coal  at  the  edge  of  the  original  basin  of  deposit,  may  not  afford 
a  fair  index  of  the  quality  beneath. 

The  western  extremity  of  the  field  is  close  to  the  road  between 
Itazaribagh  and  Ranchi;  and  it  is  believed  that  some  of  the  outcrop  coal 
is  occasionally  worked  by  the  natives  and  carried  to  Ranchi  for  sale. 

Karanpura,  North  and  South. — These  fields  are  situated  at  the  hciid 
of  the  Damuda  valley ;  their  areas  respectively  are  il'Z  and  It  square 
miles. 
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The  groups  occurring  are  the  same  as  in  the  Bokaro  field,  save 
that  in  the  southern  field  no  trace  of  the  Pancheta  has  been  yet  discovered. 
ITiey  are  as  follows  ;  Mahadeva,  Panchct,  Rauiganj,  Ironstone  shale,  600 
feet;  Barakar,  1,500  feet ;  and  Talchir,  400  feet. 

The  estimated  amounts  of  coal  are,  for  the  larger  field  (North 
Karanpura)^  8,750,000,000  tons,  the  estimated  total  thickness  of  seams 
being  38  feet.  In  the  South  Karanpora  field  the  estimated  amount  is 
75,000,000  tons,  the  thickness  being  70  feet. 

The  following  is  an  assay  of  a  sample  of  the  bettor  class  of  coals 
from  these  fields  which  indicates  a  fuel  with  high  calorific  power : — 

Carbon  64*6 

VolaUIe                                        ...  271) 

Ath 8-6 
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The  situation  of  these  fields  in  a  deep  valley  surrounded  by  hilln 
renders  it  improbable  that  this  va<!t  amount  of  coal  will  become  available 
for  economic  purposes  for  very  many  years. 

Mr.  Hughes  has  described  and  mapjied  both  in  detail. ' 

North-west  and  west  of  Damuda  Valley. — Choi- r.— This  is  » 
small  field  of  lesg  than  one  square  mile  in  extent.  The  chief  point  of 
interest  about  it  ia  that  it  is  situated  on  the  Hazaribagh  plateau,  at  an 
elevation  of  about  2,000  feet  above  the  sea,  or  nearly  1,000  above  the 
nearest  fields  in  the  valley  of  the  Damuda.  The  groups  represented  are 
the  Barakar  and  Talchir.  There  is  only  one  seam  of  coal,  and  it>  so  far 
as  it  is  exposed,  is  of  [KX>r  quality.^ 

Itkuri. — This  field  is  situated  about  25  miles  north-west  of  liazari- 
Imgh.  The  Barakar  coal  measures,  which  include  a  few  seams  of  inferior 
coal,  are  exposed  over  only  half  a  squai*e  mile.  The  remainder  of  the  area 
is  made  up  by  rocks  of  the  Talchir  group. 

AuEUNQA. — This  field  is  situated  in  the  district  of  Lohardaga,  to 
the  west  of  the  sources  of  the  Damuda,  in  the  valley  of  the  Koel,  a 
tributary  of  the  Sone.  The  area  is  97  square  miles,  and  the  groups 
represented  are :  Mahadeva,  1,000  foet;  Panchet,  700  feet;  Raniganj, 
1,000  feet ;  Barakar,  1,500  feet ;  Talchir,  300  feet;  total,  4,500  feet. 

There  are  numerous  coal  seams,  some  being  of  large  size  ;  the  esti- 
mated amount  of  coal  which  they  contain  is  20,000,000  tons. 

'  Mem.,  O.  S.  I.,  Vol.  VL     Mtnad,  Part  I.  pji.  191.  IM. 

«  Mwn„  Tf,  S,   I.,  VoL  VIII.,  p.  3-17.    Miumal.  j>t.  I.,  p.  196. 

*  Uogb».  T.  W.  U.    Mom.,  Q,  S.  L,  Vol.  VI II.  |>.  381.    Manoal.  part  I.  p.  97. 
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The  following  average  proportions  of  constituents  derived  from  the 
assays  of  seven  samples  from  different  localities  indicate  a  very  poor 
quality  of  fuel  :— 

Moistnra 6*7 

VolatUo 29-3 

Carbon 36-6 

Aah 27-6 

100- 

As  valuable  and  extensive  deposits  of  iron  ores,  together  with  lime- 
stone suitable  for  flux,  occur  in  and  near  the  coal-field,  this  inferiority  of  the 
coal  is  to  be  lamented,  as  should  a  project  for  manufacturing  iron  there 
ever  be  adopted,  fuel,  it  seems  probable,  will  have  to  be  obtained  from 
one  of  the  neighbouring  fields,  thus  increasing  the  cost  of  production. 
Before  1877-78,  when  it  was  examined  and  mapped,*  only  the  vaguest 
information  existed  as  to  the  extent  and  character  of  this  field.  No 
coal  has  ever  been  extracted  from  it.  The  samples  above  referred  to 
were  all  taken  from  exposed  and  weathered-out  crops,  and  it  is  therefore 
to  be  remembered  that  the  possibility  of  a  better  quality  of  coal  being 
obtained,  should  the  field  ever  be  opened  up,  exists  in  this  case  as  it  does 
in  some  of  those  previously  mentioned. 

HuTAB. — This  field  lies  to  the  west  of  the  Aurunga,  being  situated 
more  directly  in  the  valley  of  the  Koel.  The  area  is  78*6  miles  and 
the  following  groups  occur:  Mahadeva,  1,000  feet;  Baniganj  and 
Barakar,  2,750  feet;  Talchir,  300  feet;  total,  4,050  feet. 

Data  for  the  estimation  of  the  quantity  of  available  coal  are  want- 
ing, but  there  are  a  considerable  number  of  seams,  and  the  average  of 
eight  assays  gives  the  following  favourable  result  :— 

Moistare 6'95 

Carbon 65-35 

Volatile 28* 

Ash 10-7 

IOC 

It  is  somewhat  strange  that  the  coal  of  this  field  attracted  notice 
earlier  than  that  at  many  more  accessible  localities.  And  a  '  cole  mine' 
is  marked  on  a  map  by  Rennell,  which  is  dated  1779.  During  the 
season  1877-78  it  was  examined  and  mapped.' 

'  Mem.,  G.  S.  I.,  Vol.  XV.  Part  I,  p.  56. 
3  Mem,  0.  8. 1.,  Vol.  VX,  Part  I,  p.  91. 
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Daltonganj. — Thifl  fipH  is  also  in  the  valley  of  the  Koel  rtnd  in  I  he 
district  of  Lohardaga.  The  area  is  200  square  miles.  Two  ^onps  only 
are  represented,  vis.,  the  Barekars  and  Talchirs,  the  latter  Irnng  aljout 
500  feet  thick.' 

SeaiDft  of  coal  are  not  numerous ;  one,  which  has  n  thickness  of 
about  five  or  six  feet,  contains  exeillout  fuel,  according^  to  the  Indian 
standard,  as  the  following:  average  of  four  assays  amply  testifies : — 

MoiftQiv  ,  3-46  p«rr»t»t. 

Carbon        .  .  .         .     rt4S        », 

Voltttfle  2106       .. 

A«h    .  .     lO-T        ., 

10i> 

The  estimated  total  of  available  coal  is  11,600,000  tons. 

This  field  has  been  worked  to  a  small  extent  from  time  to  time. 
There  is  now  a  prospect  of  its  being  opened  up  again  in  connection 
with  the  Sone  river  canal  system.  To  test  the  actual  amount  of  coal 
and  the  distribution  of  the  seams,  a  well-conducted  series  of  borings, 
more  especially  in  the  eastern  part  of  the  field  where  the  rocks  arc  much 
hidden,  is  urgently  required.  The  construction  of  a  steam  tramwny,  which 
18  to  connect  the  field  with  the  canals,  has  already  been  commenced. 

Mr.  Taylor  first  worked  the  coal  mines  at  Rajhara  for  four  or  five 
years  up  to  IStS,  but  the  undertaking  was  then  abandoned.*'  Regular 
mining  operations,  which  were  subsequently  undertaken  by  the  Bengal 
Coal  Company,  were  brought  to  a  sudden  close  by  the  mutiny.  Since 
then  the  mining  has  been  on  a  small  scale. 

Sone  Valley,  &c. — ^Tatapani,  Irba,  and  Mornk. — It  is  dilBcult  to 
assign  an  area  to  these  fields  as  they  are  really  only  portions  of  an  enormoUi 
tract  stretching  far  to  the  westwards  which  is  occupied  by  Gomlwana 
roeks.  If,  however,  the  tract  which  includes  them  and  the  younger 
rocks  be  taken  as  being  boumled  on  the  west  by  the  Her  river,  all  beyond 
remaining  for  separate  treatment,  then  the  area  may  be  set  down  at  650 
st^nare  miles. 

The  grotips  which  occur  in  the  Aurunga  and  Karanpura  fields  .are 
all  represented  here.  The  Barakar  group  alone  contains  coal  which  is 
noteworthy  since  in  the  Aurunga  field  the  Raniganj  group  contains  coal 
to  a  small  extent  showing  its  gradual  extinction  from  east  to  west. 

Mr.  Griesbach,  who  has  recently  dc8cril»ed  thi«  area,*  indicates  the 
existence  of  several  coal  seams  of  workable  thickness  and  many  tw 
small  for  that  purpose.     No  estimate  has  yet  been  made  as  to  the 

«  Bagfa«g,  T.  W.  rr.    Mem.,  O.  S.  I .  Vol.  VIIL 

*  BdMtifKU  from  lUoonU.  Beug»l  O^veniuMmt,  No.  XX.  P»rt  »,  p.  1. 

»  Mra..  a.  8.  I.,  Vol.  XVU. 
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general  quality  and  quantity  of  the  coal.  Owing  to  the  manner  in  which 
the  coal  measures  (Barakars)  are  covered  up  and  isolated  by  the  younger 
groups,  it  is  not  likely  that  there  is  a  large  quantity  of  available  coal ; 
and  in  oonsequence  of  the  difficult  and  hilly  nature  of  their  surround- 
ings it  seems  unlikely  that  there  is  an  immediate  prospect  of  their  pos- 
sessing any  commercial  value. 

SiNGROWLi  AND  SoHAGPUft. — This  is  a  wide  tract  in  the  Sone  valley, 
covering  upwajxls  of  2,000  square  miles.  It  is  beheved  that  nearly  all  the 
recognised  groups  of  the  Gondwana  formation  are  represented  within  the 
area.  As  in  the  previous  case^  the  actual  coal  measures  are  separated  into 
distinct  fields  by  the  overlying  younger  groups.  These  may  temporarily 
be  distinguished  under  the  above  titles.  During  the  past  two  working 
seasons  Mr.  Hughes  has  been  engaged  in  the  examination  of  these  fields, 
and  the  following  remarks  are  in  anticipation  of  the  full  details  which 
may  be  expected  from  him  when  he  has  gone  over  the  whole  area.  In 
the  Southern  or  Sohagpur  area  both  the  Barakar  and  Raniganj  groups 
occur,  but  coal  seams  are  of  rare  occurrence  and  of  no  great  promise,  so 
far  as  their  appearance  at  the  outcrop  admits  of  an  opinion  being  formed. 

In  the  Northern  or  Singrowli  area  there  appear  to  be  a  greater  num- 
ber of  outcrops  of  coal  and  the  Kota  colliery  in  that  area  was  worked 
for  some  years  and  has  yielded  cool  of  fair  quality.  The  amount  raised 
was  limited,  however,  owing  to  the  distance  (eighty  miles)  over  very 
bad  roads,  which  the  coal  had  to  be  carried  to  Mirzapur  where  alone  there 
was  any  considerable  demand  for  it. 

JniLtfiLLi. — This  is  a  small  area  of  about  35  square  miles,  which 
has  not  yet  been  fully  examined.  Besides  Talchir  and  Barakar  rocks 
one  or  more  of  the  younger  groups  are  represented. 

Coal  seams  of  some  promise  have  been  observed  in  the  Barakar 
measures.  Traces  of  coaly  matter,  forming  a  seam  of  six  inches,  were  also 
discovered  in  the  Talchirs — a  quite  exceptional  circumstance.  This  field 
serves  to  link  the  Gondwana  sedimentary  rocks  of  Central  Sirguja  with 
those  of  Rewa,  &. ' 

BisRAMPUR. — This  field  occupies  the  central  basin  of  Sarguja  at  an 
elevation  of  about  1,800  feet  above  the  sea.  Its  area  is  about  400 
square  miles.  The  formations  met  with  are — Mahadeva,  1,000  feet; 
Barakar,  500  feet ;  and  Talchir,  2.00  feet. 

A  large  number  of  coal  seams  has  been  discovered,  some  containing 
good  coal,  but  so  far  as  is  at  present  known  they  are  not  of  great 
promise.^  Still  there  is  a  fair  prospect  of  coal  suitable  for  locomotives 
being  found,  should  locomotives  ever  be  taken  there  to  burn  iL 

'  Manuscrifit  Nules  and  Miinua).  Part  T,  p.  S04, 
*  KeoonU.  U-  S.  1 .  Vol.  VI,  y.  HI,  with  a  ouip. 
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Central  Sirguja  is  so  landlocked  that  at  one  time  it  seemed  of  all 
things  the  most  unlikely  that  this  field  would  ever  beoome  the  scene 
uf  mining  operations.  The  *  roU  *  of  prophet  could  be  much  more  efli- 
eiently  performed  in  this  and  some  other  instances  if  all  future  align- 
ments for  branch  lines  of  railway  were  known  beforehand.  Supposing, 
however,  that  a  railway  should  pass  through  the  field  its  euul  is  not 
likely  ever  to  compete  with  that  of  the  fields  outside. 

Lakuanpus. — ^This  field  lies  to  the  south  of  the  Bisrampur  area,  from 
which  it  is  separated  by  r  fault  and  a  belt  of  Talehirs,  with  inliers  of 
metamorphic  and  sub-metamorphic  rocks.  lU  total  extent  baa  not  yet 
been  ascertained,  but  it  is  probable  that  it  is  continaous  with  a  large 
area  of  coai*measure  rocks,  known  to  exist  to  the  westwards  in  the 
Ilasdu  valley. 

Several  seams  of  coal  have  been  discovered,  one  of  which  is  five  and 
ft  half  feet  thick  and  contains  good  coal.  The  rocks  belong  to  the 
Barakar  and  Talchir  groups.' 

Raupur. — This  area  adjoins  the  last  on  the  north,  and  it  is  pro- 
bable is  more  or  less  connected  with  that  which  follows,  but  it  is  partly 
situated  in  a  different  catchment  area  near  the  sources  of  the  Rcr  river, 
a  tributary  of  the  Sonc,  while  the  field  about  to  be  describetl  is  wholly 
within  the  limits  of  the  Mahanadi  basin.  The  rocks  of  this  portion  be- 
long to  the  Mahadeva,  Barukar,  and  Talchir  groups.  No  good  coal  ha« 
been  observed  yet.  The  most  remarkable  seam  is  situate  at  the  base  of 
the  massive  square  block  of  Mahadeva  rocks  known  as  the  Ramgarh 
Hill.  Above  it  issues  a  perennial  fountain  of  water,  which,  with  some 
other  peculiarities,  has  caused  the  spot  to  be  regarded  as  one  of  great 
sanctity  liy  the  natives.** 

Mahanadi  Valley.— Raio a ru  aj^d  Hingtu. — Udaipuband  Korba, 
— ^The  above-named  places  are  situated  in  a  wide  extent  of  coal  measure 
and  Bfisociated  rocks,  which  occupy  an  area  of  not  less  than  1,000  square 
miles.  Much  of  the  country  is  very  wild  and  difficult  of  access,  and  our 
knowledge  of  the  field  is  as  yet  imperfect.  Especially  this  is  the  case  as 
to  the  identity  of  the  rocks  younger  than  the  Barakar  coal  measures. 
There  appear  to  be  two  distinct  groups,  one  containing  fossil  plants, 
which  serve  to  correlate  it  with  the  Kamthi-Raniganj  group,  the  other 
being  probably  of  Mahadeva  age,  but,  owing  to  the  great  similarity  in 
lithological  characters,  separation  has  been  attended  with  great  ditHculty 
aad  uncertainty. 


'  ICantucript  Notet  »nd  Manual,  Purt  I,  p.  206. 

*  MauuKripi  Noki  and  Mauualj  Fart  1,  p.  )ifJl.    Junf^lc  Life  in  India*  p.  824 
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The  coal  seams  are  sometimes  of  enormous  size,  thicknesses  as  g^eat 
as  90  feet  at  Korba,  and  even  168  feet  in  Hingir,  having  been  measured  -, 
but  although  including  good  coal,  these  are  often  largely  made  up  of 
carbonaceous  shale,  which  is  incapable  of  supporting  combustion.  Some- 
times, too,  the  seams  die  out  within  surprisingly  short  distances,  so  that 
it  becomes  impossible  t^  predict  the  limits  of  their  horizontal  extension. 

In  one  locality,  the  Samasota  river,  a  tributary  of  the  Mand,  the  coal 
seams  have  been  gi-eatly  disturbed,  being  bent  into  a  steep  anticlinal,  at 
the  crest  of  which  the  lower  rocks  of  the  area,  Talchirs  and  Metamor- 
phics,  are  exposed. 

Whatever  alignment  he  adopted  for  the  line  connecting  Calcutta 
with  the  Central  Provinces,  this  field  will  doubtless  be  opened  up,  and 
may,  in  that  contingency,  become  of  great  importance. 

Satpura  Basin.* — The  Satpura  basin,  so  called  from  a  range  of 
hills  included  within  it,  is  situated  south  of  the  Narbada  valley.  It  is 
difficult  to  speak  of  this  area  as  a  single  expanse  of  coal  measures, 
since,  as  a  matter  of  fact,  they  only  appear  at  intervals  under  the 
margins  of  younger  groups,  covering  a  wide  extent  of  country  which 
stretches  for  a  distance  of  about  170  mUes.  Accordingly,  the  estimated 
dimensions  of  the  basin  vary  much  according  to  different  authorities. 
About  2,000  square  miles  appears  to  be  a  safe  minimum,  but  besides 
this  it  should  be  remembered  that  there  is  a  considerable  tract  in  which 
the  underlying  formations  are  concealed  by  the  tertiary  Dcccan  trajis, 
and  a  large  area  towards  Jabalpur,  in  which  no  coal  measures  have  been 
proved  to  exist  under  the  younger  formations  which  prevail  there. 

In  this  region  the  several  groups  of  the  Gondwana  system  are 
developed  to  their  maximum  extent,  as  has  been  fully  described  in 
Part  I. 

The  principal  localities  where  coal  measures  occur  are  near  Mopani 
and  in  the  valleys  of  the  Tawa  (Shahpur  or  Betul  field)  and  Pench 
(Chindwara  field)  rivers.  Under  the  ordere  of  the  Chief  Commissioner 
of  the  Central  Provinces,  advised  by  the  Geological  Survey,  borings  * 
have  been  made  both  in  the  alluvium  of  the  Narbada  valley  on  the 
margin  of  the  rocky  area  and  in  valleys  to  the  south  of  it  within  the 
area  occupied  by  the  younger  rocks,  but  though  these  borings  were  carried 
to  considerable  depths,  the  coal  measures  were  not  reached  :  these  depths 
were,  Gadawara,  251  feet;  and  Sukakheri,  491  feet.  Neither  of  these  when 
■topped  had  proved  the  rocks  underlying  the  recent  alluvial  deposits.     In 

I  J.  G.  MeaH<5ott.  Mcm^  O.  S.  L,  Vol.  II.  pp.  97.  267 ;  H.  B.  Modlicott  Hem,  X. 
pp.  133,  188;  TU*:,t)TiU,  0.   8.  L,  Vol.  III.  pp.  63.  70,  and  VIII.  pp.  65.  86, 

•  rid*  Aunaid  Report  of  tU«  Oeological  Survttj  for  1877      Reeordt.  Vol,  XI,  p.  7. 
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the  Dudhi  valley  borings,  at  Monegaon  to  the  depth  of  420  feet  and  at 
Khapa  to  the  depth  of  nearly  720  feet,  estuljlished  the  fact  that  the 
younger  formations  still  persist^,  the  coal  measures,  if  they  exiat  below 
not  having  been  reached.  As  the  progress  of  boring  by  hand  at  720  feet 
was  slow  and  costly  the  work  was  abandoned. 

Borings  at  Tandui,  ten  miles  west  of  the  Mopani  field,  which  it  was 
hoped  might  prove  a  similar  area  of  coal  measures  on  the  margin  of  the 
basin,  were  unsaccossful.  Two  of  them  at  depths  of  828  and  172  feet  re^ 
gpect'ively  struck  contact  and  trappean  rooks,  and  another  farther  south,  at 
243  feet,  had  to  be  abandoned  owing  to  the  tools  sticking,  and  as  the 
dip  of  tiie  beds  wns  high  there  was  no  inducement  to  renew  the  attempt. 

Near  Lokartahii  on  the  Moran,  at  the  western  extremity  of  the  basin, 
where  some  carbonaceous  outcrops  occur,  Umngs  were  put  down  to 
depths  of  254,  84,  and  88  feet,  but  without  proving  coal.  In  the  open 
valley  of  the  Tawa  on  the  south  of  the  basin  at  Kesla,  on  the  Betul  and 
Hoeungabad  road,  borings  to  the  depth  of  502  and  241  feet  had  the 
same  result  as  the  boring  at  Khapa. 

Other  borings  between  the  Piparia  and  Bunkheri  stations,  on  the  Great 
Indian  Peninsular  Railway  respectively  and  Pachmari,  although  sunk 
in  dej)osits  belonging  to  the  upper  (iondwana«,  close  to  Talchir  out>crops, 
fulled  to  reach  the  coal  measures  which  are  there  consequently  overlapped. 

Mopani.* — This  field  is  one  of  high  importance  in  consequence  of  it« 
position  with  reference  to  the  railway.  It  is  sitiiatod  95  miles  (by  rail) 
weet-eoutb-west  of  Jabalpur,  and  322  miles  from  Allahabad,  or  83  miles 
nearer  than  the  Karharbari  field  to  the  same  place. 

The  area  in  which  coal  has  been  proved  to  exist  is  small,  though 
recently  an  important  addition  appears  to  have  been  made.  The  original 
area  is  much  cut  up  by  faults,  and  tlie  largest  seam  has  been  destroyed 
by  fire.    The  seams  are^ — 

1.  Inferior  coal      .  12  fo«'t  nnt  workt'd. 

2.  Oood  cooking  cofll  18-21)  iVft  on  fire. 

3.  Good  .3  feet  4  iDcbea  ")     worked 
4^  Ten  feet  good    ,.  12  feet  i      together. 

These  seams  are  and  have  been  worked  for  many  years  by  the  Nar- 
bada  Coal  and  Iron  Company.  In  1874  the  outturn  ranged  from  700  to 
1,000  tons  per  month.  In  1875  nearly  20,000  tons  api>ear  to  have  been 
raised,  but  in  1879,  according  to    the  Administration  Report  of  the 


»  Mrdlicott,  J.  O.  Mcnw..  O.  8.  I..  Vol.  II,  1859,  p,  2;  Medlicott,  H.  B.  Idem, 
Vol.  X.  187»  ;  Reeofdi.  0.  S.  I..  Vol.  III.  1870;  Vol.  IV,  IWl,  p.  CC;  Vul.  V.  W72.  p.  109; 
VoL  VIU,  1875;  Vol.  XII,  1879,  p.  95. 
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Central  Provinces,  the  total  had  fallen  to  12,410  tons.  Tlie  coal  is  sold 
to  the  Railway  Company  at  about  Rs.  10,  or  at  from  three  to  four  times 
the  price  of  Raniganj  and  Karharbari  coals.  It  can  command  this  price 
in  consequence  of  the  cost  of  carriage  respectively  of  Karharbari  and  of 
English  coal  from  Bombay.  The  present  outturn  falls  far  short  of  the 
requirements  of  the  Railway, 

In  1878  the  averagre  cost  of  Karharbari  coal  on  the  line  between 
Jabalpur  and  Allahabad,  as  has  been  already  stated,  amounted  to 
£1  9.S.  4J(/.  per  ton. 

Shahpur  or  Betul  Field.' — The  coal  outcrops  on  the  south  of  the 
Tawa  valley  are  of  no  great  promise ;  they  arc  of  irregular  thickness 
and  the  coal  is  generally  inferior.  Since  the  failure  tn  prove  coal  near 
the  northern  outerop  of  the  basin,  or  in  the  open  Tawa  valley,  borings 
are  now  being  made  to  test  the  seams  of  the  Shahpur  field. 

Pbnch. — There  are  many  seams  in  this  area,  some  of  which  are  of 
considerable  thickness,  and  the  coal  is  often  of  fair  quality.  The  posi- 
tion of  the  field,  surrounded  by  hilly  country,  renders  it  improbable 
that  it  will  ever  be  of  much  commercial  value. 

Wardha-Godavari  VaUeys. — Bandar.* — This  field  is  situated 
near  the  village  of  Chimur,  30  miles  north-east  of  Warora,  in  the 
Chanda  district.  The  existence  of  coal  measures  under  a  small  tract  of 
Kamthi  beds,  five  to  six  miles  square,  has  been  proved  by  boring. 
Three  seams  of  coal  have  been  ascertained  to  exist,  and  these  have  a 
maximum  total  thickness  of  38  feet.  The  coal  is  similar  in  character 
to  that  of  Warora. 

Wardha  or  Chanda,  &c.^ — This  coal-field  constitutes  the  northern- 
most extremity  of  an  immense  tract  of  Gondwana  rocks,  which  extends 
for  about  285  miles  from  north-west  to  south-east  in  the  valleys  of  the 
Wardha,  Pranhita,  and  Godavari  basins. 

The  groups  of  rocks  exposed  are  as  follows:  Kota  Maleri,  1,500 
feet;  Kamthi,  2,500  to  3,000  feet;  Barakar,  250  feet;  Talohir,  500 
feet ;  the  Barakar  alone  containing  coal. 

Any  attempt  to  give  an  idea  of  the  distribution  of  coal  measures 
throughout  this  area,  without  employing  a  mass  of  detail  unsnited  to 
the  present  volume,  would  certainly  fail.  It  will  sufliciently  answer  our 
purposes  to  quote  Mr.  Hughes's  estimate  of  the  amounts  of  coal,  in  several 


>  J.  Q.  Medlioott    Mem..  O.   8.  I..  Vol.   II;   W.   T.   BUufoid.    B«cord«.G.  8.  I. 
Vol.  1,  p.  5 ;  H.  B.  Medlicott,  op  cit.  Vol.  VIII,  pp,  69-76. 

)  Uughe*.    Mem..  G.  8.  1.,  Vol  XllL,  pp.  145-i:>ii  Muual.  Vol.  I,  p.  226. 
'Hugh«i.    Zr.c.,  pp.  M46. 
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of   the   particular   tracts,  where  its  existence  has  been  proved  by  actual 
outcrops  or  by  borings  :— 


Worora  basius 

GbngUB 

Wun 

Between  Wun  and  Papur 

Between  Junara  and  CLicholi 

Saati  and  Paoni  baaina 


Aotual  Qiuntlt;. 
Ton*. 

9(MMMI,<NM) 
2.10(»,UK)/J00 

16(),<J(>0.(J00 
6U.0U0.IJ0U 


Amouot  AvalUbli. 
Ton*. 
14.t>0<l,0<X> 
45.(>0<MM>0 

l,6(iU.mH),0»K) 
6U.U00.lXX) 
7o,(KX).000 
80.U00AX) 


2,626,000,000       1.714,000,«X)0 


Fixed  Carbon 

\olat.le      [y^r^^^^ 

Aflh 


O  burnt.* 
4561 

3319 


The  following  assays  will  serve  to  convey  some  ideji  of  the  quality 
of  the  coaU : — 

WAri>r».  Pl«f«oa. 

45  1        .  651 

14-2        .  167 

In  Mr.  Hughes's  '*  Memoir  "  assays  of  samples  from  other  localities 
are  also  ^iven. 

The  Warora  coal  is  deficient  in  6xed  carbon,  a  large  percentage  of 
which  is  essential  where  great  beating  power  is  required.  It  is  also 
deficient  in  combustible  volatile  gases.  Pisgaon  coal,  however,  contains 
n  more  considerable  proportion  of  fixed  carbon,  rt>.,  65*  1  per  cents. 

The  only  pits  in  this  wide  area  which  are  worked  are  at  Warora,  where 
the  outturn  in  1878  amounted  for  a  time  to  1,500  tons  per  week.  The 
great  outlay  by  the  Government  in  connection  with  the  exploration  and 
ti»8ting  of  the  field'  has  not  yet  been  nearly  repaid,  the  cost  of  getting  the 
coal  being  heavy.  A  recent  falling  off  in  the  outturn,  the  amount  of 
which  will  l)e  seen  from  the  table  given  on  a  previous  page,  was  caused 
by  a  serious  flooding  of  the  mines  in  1879,  which  put  a  stop  to  all  work 
for  a  time.  A  special  branch  line  conveys  the  Wardha  coal  to  the 
Nagpur  branch  of  the  Great  Indian  Peninsular  llailway,  by  means  of 
which  it  is  distributed  both  for  use  on  this  line  and  in  factories. 

Lid  of  exlra-p^ttittaular  areaa  where  coal  meMuret  occur. 

Cuick. 

1.  Traznbal Jnraanc  and  Tertiary. 

2.  Lainyan    .  .         ,  Tertiary. 

*  Avera^^  of  lizteon  uaaji . 
»  jC;60.000  w  tftattixl    io  have  hevu  alrcadj   cipciidod  at    Warora  alone  nt    tlir    timn 
Jir.  Hught»'c  report  wb4  pritiicd. 
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Tertiary. 


Jurassic  and  Tertiary. 
Tertiary. 


Tertiary. 


Jfghanittan. 

3.  Bolan  Pass 

4.  Chamarlang 

5.  Kaniganwn 

6.  Trans-InduB  Salt  Range 

7.  Cis-Indos  Salt  Range 

North-Wett  Simala^fos. 

8.  Nomeroas  localities  from  the  Jhelum 

to  Nepal „ 

Sikkim. 

9.  Foot  of  Daijiling  Hills      .  .  \ 

Dafla  Sills,  \  Damuda  or  Permio-triasiic. 

10.  Dikrang  river I 

Assam. 

11.  Makmn 

12.  Jaipur 

13.  Nazira 

14.  Jangi 
16.  Disai 

16.  Eastern  Naga  Hills   . 

Oarro  Hills, 

17.  Harigaon 

18.  Sija 

19.  Daranggiri 

20.  Bongenggiri 

21.  Um.blay 

Khasi  Hill, 

22.  Mao-beh.lyrkar 

23.  Cherra  Punji»  &c.,  &o. 

Jaintia  Hills, 

24.  La-Ka-dong,  &c. 

{Sylhet)        . 

{Cackar) 

{ChiUagong) 

BUBMA  (BbITISH). 

Arakan  Division. 

25.  Baronga  Islands 

26.  Ramri  Island 

27.  Cheduba  Island 
(Sandoway) 


)  Cretaceous. 


.    Cretaceous. 

.    Tertiary  (nummulitic). 

Tertiary  (uummulitic). 
]  Tertiary. 

„        (and  Cretaceous  P) 


Tertiary. 


Economic  Geology-] 


8INI). 


95 


Tvr« ;» 


Tortiary. 


',  Tertiary   (and  Crctacootitf') 


28.  Tbj»y<rtnjyt»       .... 
TcnaMerim  Divihom, 

29.  Thoo-hte-lihyoung     . 

30.  Hienlap  or  lllmlaX 

31.  Kan.ma-pyeng 

32.  Teing  Koon 

33.  A-tong*wa 

BviiTA  (Natitb). 

34.  Tbingadaw,  &o. 
Andammn  Island ». 

86  Port  Blair,  &• . 

Nieolnir  JtiatuU.  1 

96.  Kondol,  Trei«  and  Tnwk  Island*       •  / 

Cutch* — As  early  as  the  year  1834,  if  not  before  it,  hopes  were 
entertained  that  oca]  Beams  uf  good  quality  aad  workable  tbicknesft 
would  be  found  in  the  juraesic  rocks  of  Cutch.  Captain  Grant,  R.E., 
was  appointed  to  conduct  boring  and  raining  oftenilions.  In  his  first 
report'  be  appeared  to  l>e  sanguioe  that  a  useful  discovery  would  result; 
but  in  a  subsequent  paper*  he  states  that  the  coal  had  not  been  found  in 
workable  thickness,  and  much  that  was  raised  from  the  thin  seams  proved 
to  be  slaty  and  incombustible.  These  seams  were  situated  at  Trambal 
(Tromba  or  Trombow),  about  five  miles  to  the  north-east  of  Buj,  in  a 
river  bed  north  of  Sisagad  and  in  a  stream  west  of  Ouneri  near  Lakhpat. 
At  the  first-mentioned  locality  Mr.  Blanford'  was  able  to  measure  the 
seam  in  the  old  workings  and  found  that  it  was  one  foot  four  inches  thick, 
of  which  only  half  was  coal.  At  Sisagad  the  coal  proved  very  frangible, 
and  it  was,  on  trial,  found  to  fall  through  the  gratings  of  the  furnaces. 

Mr.  Wynne,*  who  examined  the  area  in  detail,  was  of  opinion 
that  no  better  quality  nor  larger  amount  was  to  l^e  found  in  the  whole 
of  Cutch.  Besides  the  above,  which  are  all  of  Jurassic  age,  Mr.  Wynne 
also  found  there  carbonaceous  layers  in  some  of  the  tertiary  beds,  but 
none  of  these  were  of  any  promise. 

SSnd. — In  the  oldest  (lower  eocene)  tertiary  rocks  of  Sind,  which 
have  been  named  the  Ranikot  group  by  Mr.  Blanford,  traces  of  coaly 
matter  or  rather  lignite  have  from  time  to  time  attracted  notice;  but  in 
only  one  instance  has  anything  more  than  a  mere  layer  of  a  few  inches 

'  Jour..  Aju  Soc.,  Benmtl.  Vol.  HI.  p.  40. 

-  IViins.,  Geol.  8oo.,   London,  Vol.  V,  Second  icrief,  p.  292  . 

•  Mrm,  G.  8.   I..  Vol.  VI.  p.  23. 

*  Op,eit.,  Vol  UC.  p.  86,  «ud  IhwXmy  OutiAetr,  Vol.  V.  p.  19. 
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thick  been  detected.  This  was  at  Lainyan  (Lynan  or  Leilan),  27  miles 
north-Dortli-west  of  Kotri  and  15  miles  from  the  right  or  western 
bank  of  the  Indus.  In  the  year  3857  Mr.  Inraan,  who  was  in  charge 
of  the  exploration,  sunk  a  shaft,  but  found  that  the  coal,  which  was  at 
first  five  feet  nine  inches  thick,  rapidly  dwindled  down  to  nothing,  gaJTeries 
which  were  driven  ta  north,  east,  and  west  failing  to  prove  a  continued 
thickness,  while  at  the  outcrop  there  was  only  a  thin  layer  of  carbonaceous 
shale.  Mr.  Blanford,  who  visited  and  reported  on  the  locality,!  states  that 
there  was  no  true  coal  seam,  but  merely  a  mass  of  lignite  not  extending- 
much  more  than  50  yards  in  any  direction.  This  lignite  proved  to  be 
brittle  and  abounding  in  iron  pyrites,  which  caused  by  its  decomposition 
a  tendency  to  spontaneous  combustion. 

In  the  Public  Works  report*  it  is  stated  that  the  sidphnrous  fume* 
which  were  given  off  were  not  only  most  offensive  but  they  also  proved 
injurious  to  bars  of  furnaces  and  tubes  of  locomotives.  For  smithy 
purposes  it  was  of  course  inapplicable. 

Balochistan  and  A^hanistan. — ^Bolan  Pass,  Lat.  29'  50'  SO*'; 
Long.  67°  15'  80". — Travellers  through  the  Bolan  Pass  have  often  hod 
their  attention  attracted  by  the  coaly  matter  whidi  is  exposed  in  the  rocks 
of  eocene  age,  near  Much,  and  which  are  traversed  by  the  line  of  route. 
Owing  to  its  small  quantity,  as  testified  to  by  Captain  Hutton'  and  Dr. 
Cook*  it  was  evidently  worthless.  This  view  has  been  fully  confirmed 
by  Mr.   Griesbach's  examination  of  the  loi*ality.* 

Some  trial  of  this  coal  was  recently  made,  it  is  believed,  at  Quett% 
but  the  result  is  not  known. 

Chamaelano.— 'Lat.  SO"  15';  Long.  69"  85'  30".— Proceeding  north- 
wards the  next  locality  to  which  particuhir  attention  has  been  directed  is 
situated  in  the  Chamarlang  valley,  in  the  Luni  Pathan  country,  about  75 
miles  to  the  west  of  Dera  Ghazi  Khan.  The  discovery  of  coal  here  by  Sir 
Robert  Sandeman,  which  proved  on  analysis  to  be  of  good  quality,  led  to 
the  writer'  being  deputed  to  visit  and  report  upon  it  in  the  year  1874. 
The  principal  seam  proved  to  have  a  maximum  thickness  of  only 
nine  inches,  with  a  dip  of  30°  to  the  south-east.  Numerous  smaller 
8oams,  of  from  two  to  three  inches  thick,  were  met  with,  and  information 
was  obtained  regarding  others  of  similar  character  on  the  outer  slope 


"  Mom..  Q.  8.  L.  Vol.  VI,  p.  18,  wd  Vol.  XVII.  p.  192. 
»  I*roc(lg«.,  PttbHc  Work*  Dopiu-tment,  1861-62.  p.  34 
*  CHlcutbi  Jour..  Nat.  Mt«t..  VoL  VI.  pp.  670  and  60L 

*  fide  llQghcA's  l]*tochi«t.an,  p.  23. 

•  Mcm„  G.  8.  I.,  Vol.  XVII 1.  p.  27. 
«  Kecordib  G.  8.  L,  Vol.  VD.  p.  140. 
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of  the  Suleman  range,  which  doubtleafl  belong  to  the  same  horizon,  a 
aoue  in  Uie  lower  tertiary  or  eocene  roeks,  the  prohahle  afilnitit'o  of 
which  have  already  been  discussed  in  this  manual,  Part  II.,  p.  505. 

All  the  evidence  that  could  be  obtained  bore  out  the  conclusion  that 
there  were  no  solid  grounds  for  hoping  that  a  seam  of  workable  thick- 
ness would  be  found.  It  is  Mieved  that  recently  (1879-80),  while 
this  region  was  in  occupation  by  our  troops,  search  was  made  for 
a  more  promising  deposit,  but  without  success.  Had  one  of  a  workable 
thickness  been  found  erjaal  in  quality  to  that  above  mentioned,  its  valuo 
might  be  estimated  by  the  following  assays,  which  indicate  a  bituminous 
coal  with  fairly  high  heating  powers.  Like  all  or  most  of  these  tertiary 
coals  on  the  western  side  of  India  it  is  very  friable.  The  following  assays 

are  by  Mr.  Huglies : — 

A.  B. 

liowi  bj  drj'ing  (=  wftt«r)                     (J"  7  per  cent.  8  p«r  oenU 

Carbon            ....         67'ft  502 

Volatile 38'8  35'8 

A»h 3-4  5-a 


100' 


Hy0r2 


It  docs  not  coke.  As  it  is  jet»llke  in  appearance,  with  no  sign 
o£  vegetable  structure,  it  would  i>crhap8  be  incorrect  to  speak  of  it  as 
a  lignite. 

Kakiga&am. — Lat.  32^  80*  30";  Long.  u-.J.  4-0'.  Near  Kani-jamm, 
in  the  Waziri  country,  coal  has  long  been  known  to  exist.  From  its  posi- 
tion and  the  description  of  its  characters,  it  is  pn:)bably  of  the  same  age 
as  that  at  Chamarlang,  Specimens  from  thiti  and  Bcveral  other  localities 
were  received  from  Sir  Alexander  Burnes,  and  two  of  the  former  gave 
the  following  results  on  a8say  by  Mr.  Prinsep '  :— 

A.  B. 

LoM  by  drying       ....         3'o  por  cent. 

CarKin 4S-5 

VoUtilc  .         .        .        .        49-1 

A«h        .  ....  *2i 


8p.  G.  . 


1-227 


100" 

1-481 


It  is  therefore  more  bituminous,  and  would  have  less  heating  power 
*     '■  "  *      The  seam  is  said  to  be  narrow  and  is  laid 


than  the  Chamarlang  i.-oal 


>  Jour.,  A«.  Soc.  Uan^l,  VoL  Yll.  p.  85i. 
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bai-e  by  a  water-course  on  the  side  of  a  liill  for  a  distance  of  112  yards. 
Its  exact  position  is  stated  to  be  about  three  miles  eaBt  of  the  email 
villnge  of  Luagarkbel,  under  the  Malik  Buda. 

Captain  Drummond  evidently  refers  to  this  locality  in  his  enumeration 
of  places  in  Afghanistan  where  coul  bus  been  found ;  the  other  locaUties 
are  Dobaudi  in  theGhilzai  country  ;  Ilisisaruk  (?llissarlik),  and  Syghan, 
iu  the  Hazara  country.  The  Dubandi  seam  is  said  to  be  thin  and 
the  Syghan  coal  ignites  with  difficulty.  Captain  Hutton  mentions  a 
report  that  coal  occurs  in  abundance  in  the  hills  of  the  Ha7.ara  country. 
Several  of  the  specimens  of  supposed  cool,  which  were  forwarded  to 
Mr.  Prinsep  by  Sir  Alexander  Burnes  for  examination,  proved  indeed 
to  be  more  or  less  corabustil)le,  but  were  not  coal.  Tliey  were  pro- 
ducts of  petroleum,  or  clay  or  rock  saturated  with  them. 

Punjab. — The  coal  of  the  Punjab  has  for  many  years  attracted 
notice,  the  great  importance  which  a  supply  of  good  fuel  would  possess, 
if  found  in  the  vicinity  of  the  Indus,  having  caused  attention  to  be 
directed  to  every  spot  where  any  trace  of  carbonaceous  matter  had  been 
seen  on  the  surface.  In  the  year  1 S33  Lieutenant  (afterwards  Sir  Alexander) 
Uurnes  wrote  a  short  at^'count*  of  what  was  supposed  to  be  coal  from 
the  neighbourhood  of  Kohat,  where  it  was  found  near  the  petroleum 
wells.  From  the  description  and  analysis  of  this  substance  which  are 
given  it  is  evident  that  it  was  merely  earth  or  shale  saturated  with 
bitumen.  In  his  letter  of  instruction  regarding  his  trip  to  the  Oxus, 
Lieutenant  Wood  was  directed  by  Sir  Alexander  Bunies*to  direct  his 
attenti<ni  to  the  possibility  of  obtaining  a  supply  of  coal,  In  1^38 
Mr.  Prinsep'  published  analyses  of  samples  of  jetty  coal,  h'gnite,  and 
bitumen  forwarded  by  Sir  Alexander  Burnes.  He  pointed  out  the 
apparent  resemblance  in  the  mode  of  occurrence  between  these  deposits 
and  those  containing  the  coal  and  petroleum  of  Assam.  It  would 
he  useless  to  follow  and  attempt  to  correlate  the  observations  of  all 
who  have  written  on  this  subject  since  the  year  1^43.  A  list  of 
ivferences  to  their  papers  will  be  found  in  the  Appendix. 

Taking  the  accounts  by  Dr.  Oldham,*  Mr.  Wynne*  and  Mr.  Lynam* 
as  containing  the  most  recent  authentic  account*  by  experts  who  have 
cxuefully  examined  the  ground,  we  find  that  the  following  are  the  motft 


'  Jonr.,  A«.  Soc.,  BcniJiil,  Vol  II.  p.  267. 
'  Pcraonal  Nurmtire.  lntrodaction«  p.  8. 

•  Juur..  An  Sor.,  Ikiijral.  Vol.  VU.  p.  848. 

•  Mi'tiiiirniuiiiiii  on  l.hf  i-saminiitioii  of  the  S«lt*niUgo,  &c. 
"  Mi-iii„  (1.  8.  I..  Vols.  XI,  XIV.  XVII. 

•  Trani.,  Anicriciui  Pliil.  Sih-)  ,,  1878,  p.  13. 
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importaot  facte  io  reference  to  the  carbonaceous  deposits  of  the  Punjab, 
But  first  it  may  be  well  to  uffer  a  possible  explanation  of  the  iiifTeroace 
in  the  i^xtent  of  the  carbonaceous  deposits  in  the  tertiary  rocks  of  North* 
western  from  that  of  those  of  North-<?afitern  India. 

It  is  possible  that  in  tertiary  times  the  ineteorol(>^cal  conditions 
which  determined  the  amount  of  moisture  in  the  uir  may  have  been  of  a 
i-haraeter  directly  comparable  to  tho^e  of  the  present  day,  though,  m 
the  relative  positions  of  land  and  sea  were  different,  they  cannot  Iiave 
been  identical.  In  Assam  there  is  now  an  abundant  rainfall  and  luxuri- 
ant vegetation,  and  these  conditions  must  have  cxisLcil  whcu  the  materials 
of  the  larjje  coal  seams  were  formed.  In  the  Punjab  there  is  but  little 
rainfall  and  a  sparse  ve^tutiou.  Such  a  tyin.*  uf  vegetation  as,  if  it 
or  anything-  like  it  existed  in  tertiary  tiroes,  before  its  quantity  could 
have  l)een  diminished  by  human  influence,  would  have  been  sufficient  to 
supply  materials  for  the  formation  of  the  limited  nests  of  lignite 
and  thin  seams  of  cool  which  are  all  that  have  as  yet  been  proved 
U)  exist  in  the  Punjab  rocks.  Some  of  these  indeed  may  owe  their  origin 
to  mere  accumulations  of  sea-weed.  Nothing,  however,  which  is  said 
here  is  intended  to  imply  that  continously  workable  seams  of  cool  cannot 
iwcur  ill  the  Punjab  or  in  any  of  the  adjoining  countries  to  the  west  and 
soutli,  but  the  evidence  all  points  to  the  conclusion  that  such  scams 
have  no  existence.  In  many  places  there  are  complete  sections  of 
the  upturned  e<lges  of  the  rocks  uuobscured  by  vegetation  where,  if 
coal  occurred,  it  muist  be  visible. 

The  rocks  contaiuiug  carbonaceous  matter  may  conveniently  l>e  sepa- 
rate<l  g4;ogr:iphically  into  those  which  occur  to  the  west  and  the  east  of 
the  Indus  resix*ctively  ;  as  will  bo  seen,  tliey  are  not  all  of  tlie  same 
age.     The  following  is  an  abstract  from  Dr.  Oldham's  memorandum. 

MuLLAKHfiYL,  Lat.  35l'  55'  3i*';  Long.  71*  13'. —  Lp  the  Htresim 
which  issues  from  the  hills,  at  Mullukheyl  and  thence  southwards,  probably 
at  many  places  intervening  bctwwn  it  and  the  localities  mentioueil 
in  Afghanistan,  where  the  carbonaceous  sul)-numniulitic  limestone  zone 
is  exposed,  coal  occurs  in  the  alum  shales,  but  it  is  only  in  irregular 
strings  and  neeta.  At  Muliakhoyl  itself,  too,  masses  of  carbonized  wood 
aa'  found  in  the  older  juratsaic  rocks. 

Chushmkn,  Lat.  3^  55'  30;  Long  71*  19' 30'.— In  a  deep  gorge,  one 
of  the  drainage  channels  round  Chushmcn,  and  high  upon  tlic  hcarp  there 
are  thin  strings  and  nests  of  coal  in  the  alum  shales  ;  the  (piality  is  not 
bad,  but  there  is  no  sign  of  a  large  seam. 

KoTKi,  Lat.  32"  5t)';  Long  71*  j18'. — Here  there  is  a  rocurrencf  of 
Ik^Is  of  both  nummulitic  and  jurribjsic  age  containing  coaly  matter,  the 
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former  Loing  found  at.  the  soath  end  of  the  Cbicbali  Pass  j  the  latter  on 
a  Bi'di?  gorge  very  difficult  of  access. 

Kaulbagh,  Lat.  3V  58';  Long.  IV  3S. — The  nummulitic  coal  here 
IS  in  very  small  quantify  in  the  alum  shales.  The  so-called  Kalabagh 
coal,  which  attracted  notice  at  one  time,  consists  of  car1x)Dized  masses  of 
wood  in  a  bod  of  shale,  of  which  they  only  form  one-twentieth  or  one- 
twenty- fifth  part  or  loss.  This  shale  has  teen  shown  to  Ije  of  Jurassic 
age.  It  was  estimated  by  Dr,  Oldham  that  about  15,000  maunds  of 
this  coal  could  be  obtained,  but  there  was  nothing  to  justify  expenditure 
for  maeliinery. 

The  above  localities  are  all  in  the  continuation  of  the  Salt-range  to 
the  west  of  the  Indus.  Those  which  follow  arc  in  the  Salt-range  proper, 
and  the  order  of  their  armngement  is  from  west  to  east.  They  are 
all  in  nummulitic  rocks. 

Amb  oa  Umb,  Lat.  32"  30';  Long.  72*.— otherwise  known  as  Sulgc. 
The  coal  liere  is  described  by  both  Dr.  Oldham  and  Mr.  Wynne^  as  being 
of  no  value,  being  of  limited  extent. 

SuNOLBWA. — Two  thin  seams,  one  of  six  inches  and  the  other  of  10 
to  1%  inches ;  the  dip  is  30".  They  are  much  broken ;  no  prospect  of 
being  profitably  worked. 

CilAMiL,  Lat.  32'  35'  30';  Long.  72"  St8'  SO'.— Seams  similar  to  the 
above,  dip  only  12^,  and  locality  not  difficult  of  access,  but  no  workable 
quantity  of  coal. 

KuTTA,  Lat.  Sr  37'  45';  Long.  72'  25'  45'.— Thin  broken  bed ;  no 
prospect  of  a  continuous  supply.  Almost  all  the  coal  that  could  be 
obtained  here  has  been  taken  away. 

6owA  Khan,  Deiwal,  NuiU'Uii  (Nilawau),  and  Karuli. — ^The  coal  :it 
these  localities  is  very  limited  in  extent. 

NiLA,  Lat.  32'  39'  30' ;  Long.  72'  57'.— Coal  poor  in  quality  ;  dip  oO 
to  85*  to  south-east;  coal  more  than  15  iuehes  thirk ;  there  are  eight 
feet  of  blackish  shales  below  it  with  thin  layers  of  flaky  coal. 

Dandot,  Lat.  32"  39'  30' ;  Ijong.  73'.— There  are  three  localities  in 
this  neighbourhood  where  coal  is  seen ;  where  thickest  it  is  two  feet 
six  inches  thick.  The  fuel  is  not  bad,  but  there  is  no  prospect  of 
iU  occurring  in  profitable  quantity. 

PiD,  Lat.  82"  41 ;  Long.  73''  2', — Here  ihei-c  is  a  seam  of  gofxl 
bright  fuel,  three  feet  thick  in  places;  the  dip  is  CO"  to  64".  As  the 
loeality  is  near  a  good  road  a  fair  amount  of  fuel   might  be  obtained  as 

the  coal   contains   lcs«   pyrites  than  elsewhere,   but   it   brcaUs   u^ 

exposure ;  mining  to  the  deep  would  of  course  be  difficult. 
•  MtiiK,  U.  &  L.  Vol.  XIV.  p.  zra. 
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From  this  locality  and  another  called  Samnndri,  between  the  years  iSfi'J 
and  1S67,  nearly  2,000  ions  were  extracted  according  to  Dr.  Oldham's 
mineral  statistics,*  but  the  excavations  were  afterwards  abandont^l. 

Reora  or  Kubwda,  Lat.  80' 40';  Lon^.  73*4'. — ^Tliis  locality  if* 
above  the  gorge ;  the  coal  is  poor  and  full  of  iron  pyrites;  it  is  much 
mixed  with  layors  of  shale.  The  total  thickness  is  S  feet  11  inches. 
A  small  heading  was  driven  into  it^  but  there  is  no  pro8{x*ct  of  the 
coal  being-  worked  with  advant^i^e. 

BiuGANWALU,  Lat.  32'  42':iO';  Long.  73"  19',— The  outcrop  of  thin 
seam,  which  is  three  feet  six  inches  thick,  extends  for  a  distance 
of  two  miles;  the  dip  is  65"  to  north.  The  coal  is  greatly  cmck<!!<I 
and  jointed ;  when  exposed  to  the  atmosphere  it  disintijgrates  and 
falls  to  pieces.  Crystals  and  Hakes  of  gypsum  commonly  occur  in 
the  cracks  and  fissures  in  the  coal.  There  is  also  much  iron  pyrites  which 
on  decomposition  gives  rise  to  spontaneous  ignition.  Muirh  care  is 
therefore  needed,  if  this  seam  (or  any  of  those  in  the  Salt-range)  lio 
worked,  to  keep  the  galleries  clear  of  dust  and  small  coal.  Goixi 
masses  of  bright  coal  might  be  obtained  by  successive  galleries  one 
over  the  other.  The  locality  is  difficult  of  access,  but  is  improvable 
in  this  respect.  Dr.  Oldham's  estimate  of  the  coal  available  hero 
was  16,20,000  maunds. 

This  completes  the  list  g^ven  by  Dr.  Oldham  and  endorsed  by 
Mr.  Wynne.  As  to  quality  it  was  found  by  experiments  that  in 
locomotive  engines  and  steamers  the  work  which  one  maund  of  this 
coal  was  capable  of  doing  was  equal  to  that  from  2*5  to  4  maunds 
of  wood. 

So  long  as  tlie  seams  mentioned  above,  especially  those  at  Bluigan- 
walla  and  Kalabagh,  could  be  ma^lc  to  yield  coal  at  a  cheap  rate  by 
simple  excavations,  for  so  long  would  they  prove  of  value.  Dr.  Oldham 
estimated  that  while  the  coal  could  be  m\d  for  three  mnunds  a  rupee 
at  Kalabagh,  it  would  be  cheaper  than  wood  at  five  maunds,  which  was 
the  price  in  1864;  but  he  felt  certain  that  after  all  the  easily  accessible 
coal  had  been  removed,  the  greater  expense  of  working  would  render 
it  impossible  for  it  to  l)e  brought  to  market  at  that  rate. 

Chita  Pauab  Ranob.— All  the  foregoing  localities  in  the  Salt-range 
arc  situated  on  the  southern  outcro|ifl  of  the  sedimentary  scries.  On  the 
north-west  side  of  the  Potwar,  or  lliiwul  Pindi  plateau,  which  is  forme<l 
of  the  younger  tertiary  rocks,  the  older  formations  are  again  upturned  in 
the  Chita  Pohar  range,  which  is  the  connecting  link  between  the  moun- 


•  Mcm.G.  S.  U  Vol.  Vn.  p.  160. 


[Chap  ir. 

tnins  of  Sontbevn  llaznra  and  the  Afridi  hills  mnih  of  (lie  Pt'sh:»w;ir 
Valley.  Throughout  these  rang<>8  the  inimmulitic  series  is  re]K«ate(l 
several  times  by  contortion  and  faulting,  and  the  nurbonaceoua  bed«  in 
it  can  he  traced  at  many  places ;  locally  they  include  nesta  of  light  coal  as 
at  Choi,  south  of  Aftock.' 

North- west  Himalayas. — Tt  will  })o  convenient  to  treat  collectively 
nnder  the  above  heading  the  carbonaceous  deposits  which  occur  near  the 
southern  foot  of  tlie  Himalayas  from  the  Jhelum  to  Nopal.  First  must 
be  mentioned,  and  for  the  last  time  on  this  side  of  India,  the  coal  of 
nummulitic  age.  The  tertiary  rocks  cross  continnously  from  the  Hazara 
district  into  the  Jamu  hills  with  an  abrupt  and  total  change  of  strike 
along  the  Jhelum,  The  lowest  member  of  the  series  only  comes  U)  the 
surface  at  a  few  places  in  this  ground  where  some  roaesive  inliers  of  very 
old  limestone  protrude  through  the  sub-Himalayan  rooks.  Upon  and 
around  these  the  nummulitic  group  is  freely  exposed,  and  at  its  ba^e 
there  is  a  greater  development  of  coal^  so  far  as  is  known,  than  iu  any 
other  part  of  North-western  India.  Dandii,  near  Kotli  on  the  Punch 
and  the  north- westeni  shoulder  of  the  Saugar  Marg  mountain  may  W 
mentioned  as  favourable  localities. ''  The  position,  however,  seems  to  pre- 
clude the  possibility  of  protitable  exploitation. 

When  the  base  of  the  series  is  next  ex|>0Red  to  the  east,  in  the  Simla 
region,  where  it  was  first  described  as  the  Sahathu  group,  all  trace  of 
carbonaceons  deposit  has  vanished,  although  its  horizon  is  perfectly 
recognisable. 

We  now  pass  to  the  carbonaceous  deposits  of  younger  tertiary  age  in 
the  sub-Himalayan  rocks.  Sir  Proby  Cautley'  appears  to  have  been  the 
first  to  draw  attention  to  these  deposits,  which  ho  did  in  the  ye^ir  1828. 
At  Silani,  under  Naban,  seams  of  coaly  matter  of  from  half  an  inch  to 
thiiee  inches  thick  were  discovered,  and  at  the  Kalawala  Pass  leading  into 
Phora  Dhun  accumulations  of  vegetable  matter  turned  into  lignite  were 
found  in  two  localities.  Captain  Herbert*  apparently  refers  to  the 
nune  locality  an  the  Timli  Pass,  and  he  states  that  the  substance  had  the 
appearance  of  common  charcoal  with  the  woody  structure  well  preserved. 
At  the  Kheri  Pass  CJirlwnaceous  matter  occurred  both  in  seams  and  as 
imbedded  logs  or  stumps.  Another  locality  is  in  the  bed  of  the  Bulia 
near  Bhamauri  and  near  Ranibagh  close  to  Hulduani. 

That  from  Bhamauri  occurred  in  a  scam  of  four  inches  thick ;  it 

'  Wynne,  A.  B.     Record*,  O.  8,  U  Vol.  X.  p.  114. 

»  McdUcott,  n.  n.     Iteconln.  O.  8.  I..  Vol.  IX,  p.  13. 

'  A0.  I{«.  Vol.  XVI,  p.  387. 

'  A»  Rpi.,  Vol.  XVI,  p.  »7. 


^-^ '- 


Economic  Owlogy.]         SlKKFM-DAlUILIXO  DISTRICT. 


lOS 


ghowecl  no  woody  Ftnicturc  ha  virion  the  ap]>carancc  of  jet,  bat  urns  very 
brittle.     The  conu»ii*^i<i<)"  <if  Ranj]iii<»-1»  <>(>:il  \va>4— ' 

Carbon  .     fiO*0 

Volatile  a6M 

In  1833*  Mr.  E.  J.  Ravenshaw  forwarded  samples  of  lignite  and 
jetty  coal  from  the  Dhela  river  in  the  north  of  the  Monidabnd  dis- 
trict These  occTirred  only  in  thin  nests  and  layers  and  confaiti«l  ;i  i^mhI 
deal  of  iron  pyrites. 

Mr.  Medlicott,"*  in  his  review  of  tlie  whole  qucbtir.n  of  tliebc  i:arU>na- 
oeous  deposits,  while  anxious  not  to  deter  any  explorer  from  investi^t- 
ing  80  important  a  subject,  points  out  that  the  result  of  exjwrienco  b 
unfavourable  to  the  prospect  of  coal  being  found  in  useful  quantity. 

Mention  must  here  be  made  of  another  rock  in  this  region,  but 
amongst  the  older  formations  of  the  higher  hills,  regarding  which  as  a 
source  of  coal  expectations  have  occasionally  been  rais^Hl,  Visitors  to 
Simla  and  Mussooree  cannot  fail  t4>  notice  conBiderable  local  outcrops  of 
blaek  crumblin^^  rock :  it  is  a  carbonaceous  sliale  that  occurs  normally 
below  the  main  (Krol)  limestone  of  those  hills.  Where  the  rocks  aro 
much  crushed,  alon<^  lines  of  faulting  or  of  flexure,  the  carbonaceous 
ingredient  of  their  shales  becomes  condensed  with  a  jet  black  shiny 
substance,  of  coaly  ap|>earance.  An  attempt  at  coal  mining  vta&  once 
undertaken  in  this  fault-rr)ck  near  Sal)athu.  Mr.  Medlicott  stat««  that 
in  none  of  the  sections  which  he  examined,  from  the  Ravi  to  the  fo<»t  of 
the  hills  at  Naini  Tal,  had  he  met  with  a  single  graiu  of  true  coal  in 
these  older  rocks. 

Sikkim:  Darjiling  District* — ^This  field  occupies  a  nan-ow  7/)ne, 
which  stretches  along  the  foot  of  the  Himalayas  from  Pankabari  to 
Dalingkote.  It  was  first  noted  by  Sir  J.  D.  Hooker  in  1S49.  The 
rocks  belong  to  the  DamuJa  formation.  They  have  been  nuieh  crushed 
and  tilted,  dipping  at  angles  of  from  iO^  to  00**  to  northwards  or 
towards  the  main  mass  of  the  hills.  Frequently  the  sandstones  have 
been  altered  into  quartzites,  and  the  shales  into  splintery  slates.  Much 
of  the  coal  is  in  the  condition  of  powder,  and  tome  of  it  has  assumed 
the  character  of  graphite.  The  effect  of  the  compression  has  Iwen  to 
reduce  it  by  removal  of  the  volatile  portions  to  a  condition  approximat- 
ing anthracite.    Some  experiments  were  made  with  a  view  to  utilising 

>  Eoonomu:  Mhienlogy  of  Hill  DistricU,  by  E.  T.  Atkiiuoii«  p.  32. 
«  Jonr..  An.  Soe.,  Bengal,  Vol.  II.  p.  964. 

*  Mem,,  a.  8.  1..  Vol.  III.  p.  180. 

•  MttUct.  V.  R.     Mem.,  O.  8. 1..  Vol  XL 
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it  iu  the  manufacture  of  artificial  fuel,  Imt  the  process  foand  to  b« 
requieito  was  too  expensive,  and  the  dilTiculty  of  minings  in  those  crushed 
rocks  is  so  great  aa  to  render  it  improbable  that  this  coal  will  ever 
be  commercially  available. 

One  seam  i»  11  feet  in  tliickncBs.    Tlie  average  of  five  assays  of  the 
coal  gives  the  following  composition  : — 


Cftrbon 
VolRtile 
Ash    . 


70G6 

9-2(i 

2014 


JOO 


The  fact  that  this  locality  and  that  next  to  be  mentioned  are  the  only 
ones,  north  of  the  Ganges,  where  Gondwana  rocks  occur,  is  of  great 
interest  in  connection  with  any  discussion  as  to  the  early  relations  which 
existed  between  tlie  Peninsular  and  Himalayan  regions,  and  indeed 
the  formation  of  the  Himalayas  themselves. 

Tertiary  lignites  of  no  value  have  been  examined  in  the  sub-Hima- 
layan rocks  of  the  Tista  Valley  by  Dr.  Oldham.  Other  srmikr  deposits 
occur  in  the  Bhutan  hills,  where  they  have  been  examined  by  Colonel 
Godwin-Austen  and  others. 

Dufla  ELills. — Damtida  rocks  were  discovered  in  1875  by  Colonel 
Godwin-Austen^  in  the  section  in  the  Dikrang  river. 

A  much  splintered  and  crushed  seam,  which  was  five  to  six  feet  thick 
and  dipped  75**  to  east-south-east,  was  found.  In  character  it  was 
eimilar  to  those  above  described  ;  it  is  scarcely  probable  that  it  will 
ever  possess  any  economic  value. 

Aflsam — Five  distinct  and  named  coal-fields  exist  in  the  valley  of 
the  Bhramaputra,  in  the  province  of  Assam.  They  are  distinguished  l>y 
the  following  names :  Makum,  Jaipur,  Nazira,  Janji,  Disai.  Besides 
these,  in  the  further  extension  of  the  Nagu  hills  up  the  valley  to  the 
frontiers  of  Burma,  there  are  other  known  but  not  regularly  explored 
localities  where  coal  occurs.  It  will  be  convenient  in  this  abbreviated 
account  to  treat  of  them  collectively. 

Some  uncertainty  exists  as  to  the  age  of  the  rocks,  but  the  balance 
of  evidence  seems  to  favour  the  view — vide  part  II,  page  702 — that  it  is 
middle  tertiary  (miocene),  and  therefore  distinct  from  that  of  the  creta- 
ceous and  nummulitic  coals  of  the  Gai*o  and  Kha»i  hills. 


'  Jour «  At,  Soc.  Ik;ngtt1,  Vol.  XLIV,  p  37. 
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The  coal  differs  from  thai  of  the  PeninRular  coaUfleldfi  in  having  a 
homog^eneous  unlaminated  structure.  The  avora«?e  compontioni  as  derived 
from  the  assay  of  twenty-seven  sampler,  gave : — 

Carbon fiO* 

Volatile 36'2 

ABh 3-8 

This  is  a  hij^'Ii  finality  of  fuel  as  compared  with  ordinary  Indian  coala. 

In  the  Makum  field  one  seam,  which  is  100  feet  thick,  consists  of  75 
feet  of  good  coal^  and  some  scams  have  been  traced  for  lung  distances 
by  their  outcrops. 

Already,  in  Part  II.,  a  general  sketch  of  these  fields  has  been  given, 
and  to  Mr.  Mallet's  report'  reference  must  be  made  for  fuller  details. 

The  opening  up  of  these  fields  is  a  point  of  the  highest  im|Hjrtance, 
since,  at  present,  coal  is  carried  1,000  miles  from  Bengal  for  the  naviga- 
tion of  the  Bbramaputra ;  this  causing  a  tenfold  increase  on  the  prime 
cost,  while  at  the  same  time  the  coal  of  the  Peninsular  fields,  as  will 
be  seen  by  a  comparison  of  assays,  is  of  very  inferior  quality. 

The  extension  of  the  railway  system  up  the  valley  will  soon,  it  is  to  bo 
expected,  solve  the  difficult  question  of  carriage  which  has  hitherto  inter- 
fere<l  with  the  development  of  the  coal  and  j>etroleum  resources  of  Assam. 

Garo  Hills. — The  existence  of  coal  in  several  localities  in  the  Garo 
hills  has  now  been  known  for  about  forty  years.  The  great  importance 
which  a  supply  of  coal  would  possess,  if  in  close  proximity  to  the  Bbra- 
maputra, caused  attention  to  be  directed  to  all  localities  where  the  occur- 
rence of  carbonaceous  matter  gave  ground  for  the  least  hope  that  a 
worlsable  source  of  coal  would  be  found. 

In  the  year  1842  Mr.  James  Bedfonl  explored  the  so-called  Karaibari 
field.  This  mime  is,  however,  hardly  a  suitable  one,  as  it  is  tliat  of  tho 
xemindari  or  district  in  which  the  localities  are  situated,  but  these  are  far 
removed  from  the  thanna  of  Karaibari,  and  therefore  the  namellarigaon, 
suggested  by  Mr.  Medlicott,"  as  indicating  the  exact  neighbourhood,  has 
been  since  adopted.  There  is  a  continuous  outcrop  of  the  cretaceous 
rocks  which  include  this  coal  from  the  Bbramaputra  eastwards  along  the 
southern  edge  of  the  Tura  range.  This  constitutes  tho  main  basin  in 
which  these  rocks  dip  southwards  under  a  thick  series  of  tertiary  depo- 
sits. At  Siju,  in  the  Sameswari  valley,  coal  which  is  possibly  continuous 
throughout  is  again  exposed  ;  this  may  conveniently  be  described  as  the 
second  field. 

»  Mem.,  a.  S.  1.,  Vol.  XII.  p.  2.      Mununl.  Vol.  11,  p.  70L 
«  IUmjokU,  0.  S.  I,  Vol.  I,  i».  li. 
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To  the  north,  resting  on  and  surrouDdod  by  gncisp,  there  are  a  nuinher 
of  detached  basins  in  which  the  coal  is  better  seen ;  of  tliese,  the  princi- 
pal are  the  Darancrgriri  field,  situated  in  the  valley  of  the  Sameswari 
or  Semsang:  ;  the  fourth  boars  the  name  Rongengg-iri,  and  the  fifth 
Umblay.  So  far  as  is  at  present  known,  all  the  coal  of  the  Garo  hills 
is  of  cretaceous  age.  This  list  does  not  exhaust  all  the  possible  localities 
where  coal  measures  may  occur. 

Harioaon  Fiklo. — Harigaon,  Lat.  25°  36';  Long.  90^,  on  the  Kalti 
river,  has  given  a  name  to  this  field,  but  the  original  localities  where  coal 
had  been  observed  were  at  Salkura,  Champagiri,  and  Mii"ami«ura. 

At  Sulkura  and  Mirampura  the  so-called  coal  Mr.  Medlicott  fonnd 
to  be  a  resinous  shale,  while  at  Champagiri,  further  north  but  between 
the  other  localities,  the  bed  is  a  dark  stiff  clay  with  insignificant  strings 
of  lignite.  The  presence  of  this  somewhat  amber-like  resin  has  been 
referred  to  by  several  previous  writere' ;  being  disseminata  in  globules 
through  the  shale,  it  causes  it  to  burn  freely.  The  Coal  Committee' 
pronounced  these  to  be  deposits  of  spurious  brown  coal,  but  they  were 
under  the  impression  that  a  valuable  bituminous  coal  of  distinct  character 
existed  in  the  valley  of  the  Bunarossi,  a  tributary  of  the  Kalu,  where  a 
bed  was  found  by  Mr,  Medlicott  which  consisted  of  a  few  sticks  of  lignite 
scattered  through  sandstone  at  from  six  to  ten  feet  above  the  gneiss. 
Fragments  of  jetty  lignite  met  with  higher  up  the  stream  were  obviously 
from  a  similar  source.  Tlie  rocks  containing  these  carbonaceous  deposits 
are  all  of  cretaceous  age,  and  Mr.  Medlicott  points  out  that  they  are  on 
the  same  line  of  strike  as  the  coal  of  Siju,  in  the  valley  of  theSameswari, 
the  including  zone  having  originally  been,  if  it  be  not  still,  continuous 
throughout.  Should  the  seams  thicken  and  improve  in  quality  to  the 
dip,  away  from  these  marginal  outcrops,  a  point  which  con  only  be  testwl 
by  borings,  the  coal  will  only  be  accessible  by  pits  in  which  a  large  water 
dincharge  must  be  anticipated.  Mr.  Medlicott  suggests  Dipkai  as  a 
favourable  spot. 

Although  Mr.  Medlicott  found  the  nummulitjc  rocks  well  i-epresentcd 
in  this  area,  there  was  no  sign  of  the  presence  in  them  of  the  coal  which 
LB  found  overlying  the  ntimmulitic  limestone  of  the  Khasia hills. 

Siju,  Lat.  25"  2U' ;  Long.  9(r  43'.— The  coal  at  this  iDoality  u&  seen 
at  the  outcrop,  though  somewhat  better  than  that  of  the  Harigaon  area, 
is  neither  of  sufficient  quantity  or  quality  to  make  it  probable  that  it 
will  pay  for  the  difficult  transport  to  the  nearest  navigable  part  of  th( 

*  Qriffiihs'  PriTntc  Joomals.  p.  78,  »ot«.  Dr,  Oldhaui't  Report  on  Coal  UcMarcci  uf 
Iiuli».  p.  18. 

•  Fluttl  Kcport,  18^,  p.  121. 
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Sameswari.     An  attempt  was  formerly  mode  by  tin?  Ruja  of  SiiJ^lum*;  to 
work  the  coal. 

Dab&kqqiri  Field. — Tlils  field  is  in  a  tnie  rock  ba«jn,  300  to  400  hei 
above  Siju.  Several  line  outero|i«  of  coal  were  found  by  Mr.  Mcclli(M>tt' 
in  addition  to  one  brought  to  notice  by  the  officers  of  the  Topographical 
Survey. 

A  promieing  outcrop  of  a  nearly  horizontal  scam,  fully  seven  feet  thick, 
ia  seen  at  the  foot  of  a  clilT  near  Daranggiri.  In  oth«r  spot**  the  mims 
were  di8turbe<l.  The  total  area  of  the  field  amounts  to  from,  at  the  least, 
12  to  15  square  miles.  It  lies  in  the  very  heart  of  the  Garo  liills,  but 
on  the  most  favourable  line  for  a  railway,  through  the  gorge  of  the 
Semsang,  should  it  be  decided  to  undertake  such  a  work. 
An  analysifl  of  this  coal  gave  the  following  results  :— 

Carbon  .......     177 

Volatile .        .     UO 

(Moikture  11'5). 

AAi  77 

RoNOENGGiRi  FiKLD. — Farther  np  the  valley  there  is  another  hagini 
which  extends  above  and  IkIow  the  outpost  of  Rongeuggiri,  where  these 
coal-bearing  cretaceous  rocks  occur.  No  ac;tual  outcrops  have  as  yet 
Ijeen  seen,  but  Mr.  Medlicott  suggests  that  coal  may  exist  Ijelow  the 
present  surface. 

The  possibility  of  the  existence  of  a  more  accessilile  source  of  coal 
below  the  Tura  range  is  discussed  by  Mr.  Medlicott,  who  proposes  that 
a  boring  should  be  made  to  the  deep  near  Dipkai,  two  miles  north-east 
of  Putimari  Haut. 

Umblay  Field. — ^Further  to  the  east  Colonel  God  win- Austen^  dis- 
covered a  basin  of  cretaceous  coal-measures  of  similar  character.  He 
states  that,  unlike  the  numroulitic  coal  of  the  Khasi  hills,  it  is  persistent 
over  a  large  area  and  is  often  to  be  found  in  a  series  of  separate  seams. 
The  exact  position  of  the  portion  of  the  ba^in  which  is  most  likely  to  be 
utilised  is  between  the  meridians  91'  10'  and  91°  20'  of  East  Longi- 
tude and  south  of  the  parallel  of  25^*  26'  of  North  Latitude, 

In  the  scarp  at  Nougheran  four  coal  seams  were  seen,  measuring 
respectively  3  feet  4  inches,  3  feet,  8  feet,  and  6  feet,  or  a  total  of  20 
feet  4  inches. 

Khasi  Hills. — The  coal  of  the  Khasi  hills  has  attracted  notice 
for   more   than   fifty  years;  indeed,  so  early  as  the  year  1815,  Mr. 

»  Recordg.  O.  8. 1.,  Vol.  Vll,  p.  59. 

«  Jour.,  A«.  Soc,  Ikingnl,  Vol  XXXVITI,  part  8,  p.  I. 
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Stark  sent  down  a  sample  which  was  favourably  reported  on  at  the 
Cossipur  p;nn -factory.  A  very  full  account  of  the  early  hJ8tr>ry  of 
this  coal  will  be  found  in  the  report  on  the  Khasi  hills  by  Dr.  Oldham.' 
As  will  be  seen  by  the  references,  there  is  a  somewhat  extensive  literature 
on  the  subje<jt. 

In  these  hills  coal  occurs  in  both  the  cretaceous  and  nummulitic  for- 
mations. The  great  difficulty  experienced  in  the  transport  of  this  coal  to 
market  is  due  to  the  high  elevations  at  which  the  diHcrent  basins  are 
situated.  The  following  is  a  list*  of  the  localities  with  their  elevations 
where  coal  is  known  to  exist :  (1)  By-rang,  altitude  1,242  feet  alx)ve  sexi- 
level;  (2)  Chcrra  Punji,  4,118  feet;  (3)  Lait-iyng-iew  4,800  feet; 
(4)  Mao-long,  600  feet;  (5)  Mao-stob,  1,500  feet;  (6)  Mao-syn-ram, 
4,000  feet ;  (7)  Mao-don,  400  feet ;  (8)  Mao-nai-chora,  :300  feet ;  (9) 
Mao-Wh-lyrkar,  5,000  feet;  (10)  Sheila,  800  feet;  (11)  Thanjinath, 
4,400  feet.  Much  remains  to  be  done  in  the  way  of  exploration  before 
a  full  account  of  the  coal  resources  of  these  hills  can  be  written.  In  the 
above  list  the  most  important  areas  are  Mao-beh-lyrkar  (Maubeliirkar  in 
Tart  II)  and  Chcrra  Punji. 

Mao-brh-lykkab. — The  age  of  the  coal  at  this  locality  was  ascertained 
tx3  be  cretaceous  by  Mr.  H.  B.  Medlicott.*  Not  only  did  the  somewhat 
obscure  geological  relations  point  to  that  conclusion,  but  the  mineral 
characters  of  the  coal  itself  wore  found  to  be  identical  with  those  of  the 
Garo  hills  coal  above  described ;  the  texture  is  compact  and  splintery 
with  conehoidal  feature,  and  si)ecks  and  nests  of  fossil  resin  are  included. 
The  abundance  of  pyrites  is  a  drawback  to  its  usefulness  as  a  fuel  {cuU 
Part  II,  p.  689). 

The  deposit  is  of  inconsiderable  extent,  but  it  has  been  worked  io 
6up|i1y  the  station  of  Shillong,  which  is  1 8  miles  distant,  where  the  cost 
is  Rs.  30  per  ton.     The  seam  is  only  from  3  feet  6  inches  to  4  feet  thick. 

Mr.  Mallet*  has  described  the  occun*ence  of  coal  at  a  plac^c  called 
I)edum,  near  Maolong,  which  he  thinks  could  be  more  easily  Uiken  to 
Shillong.  The  analyses  be  gives  show,  however,  a  very  inferior  quality 
of  cottl : — 


Carbon 
Volatile 
Moittture 

Ash 


D(Hliim. 

MAjriNtbiyrkw. 

37  8 

6B'2 

2J0 

386 

GO 

3-4 

310 

1-8 

1(XJ- 

I  Men.,  O.  8. 1..  Vol.  T.  p.  IBS. 

*  StRtUttul  Account  nf  Anshio.  Vol  II.  p.  233. 
»M«n..  O.  S.  1.  Vol.  VII.  p.  176. 

•  ttwonb,  0.  S.  I..  Vol.  VIII.  p.  86. 
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Ckerra  Punji. — Th<?  coal  of  Cherra  Punji  is  of  nummulitic  age.  Tt 
occurs  about  10  or  \"Z  feet  above  the  linoestoDe  iu  a  brij^bt-looking  Ream 
of  eonievvhat  variable  tliicknoss  owing  to  iuterpolatiuns  of  fiundstone. 
This  nummulitic  coal  has  more  the  appearance  of  tho  ordinary  bitumi- 
nous mineral,  and  is  more  stony  than  that  from  the  cretaceous  baiiius. 

Dr.  Oldham's'  estimate  of  the  amount  of  coal  available  hero  was 
that  there  was  an  avera<;e  of  3  feet  6  inches  to  4  feet  of  coal  over  an 
area  of  one-third  of  a  square  mile,  and  that  this  woulil  yield  from 
3b7,000  to  447,000  tons. 

Various  attempts  have  been  made  to  work  mines  here,  but  the  cost  of 
carriage  has  prevented  the  industry  from  being  a  source  of  much  profit 
to  those  who  have  leased  the  mining  rights." 

Jaintia  Hills. — In  the  Jaiutia  hillti  carbonaceous  deposits  are 
rei>orted  to  exist  at  five  localities,  namely,  (1)  Am-wi,  3,800  feet ;  (4) 
L*.ka-dong,  2,200  feet;  (3)  Narpur,  500  feet;  (4)  Sha-tyng-gah, 
3,500  feet;  (5)  Sher  mang,  4,0OO  feet. 

La-ka-dono. — Dr.  Oldham  {I.e.)  states  that  the  coal  of  La-ka-dong, 
which  is  also  of  nummulitic  age,  is  so  irregularly  developetl  that  it  is 
very  dilHeult  to  give  a  regular  estimate.  However,  be  puU  the  area 
at  half  a  square  mile,  with  an  average  thickness  of  three  feet ;  thi«  would 
give  1,000,000  tons  of  coal. 

La-ka-dong  is  withiu  six  miles  of  Borghat,  a  village  on  an  ailluont 
of  the  Surma,  which  is  accessible  all  the  year  round  by  boats  of  500 
maunds  or  18  tons  burden;  but  at  prcseut  cuoly  carriage  only  is  avail- 
ahle  between  La-ka*doDg  and  Borghat. 

A  s|)ecial  report  with  maps  of  this  field  by  Dr.  Oldham'  was  pub- 
lishe<l  in  the  year  1853.  In  it  are  given  estimates  for  working  the  coal 
and  transporting  it  to  market,  according  to  which  tho  cost  in  Cal- 
cutta, in  1853,  would  be  Rs.  43  per  100  maunds,  inde|)endently  of  cost  of 
superintendence,  interest  on  capital,  &,c.,  which  he  considered  would  add 
25  per  cent,  to  this  amount,  so  that  the  cost  per  mauiid  would  be  about 
8}  ajinas. 

Sylhet  and  Oachar. — So  fjir  as  the  evidence  at  present  goes,  there 
IS  no  workable  scam  of  coal  in  either  Sylhet  or  Cachar.  It  being  quite 
unknown  to  what  extent  the  nummulitic,  eocene,  or  older  tertiary  rocks 
are  developed  there,  no  opinion  can  be  given  as  to  the  probability  of  a 
valuable  siii'rb'  *'^  *-'<^^^  ^^  ^^^  character  of  the  Upiwr  Assam  coal,  being 
found. 

»  Mora..  «.  8.  U  Vol,  I.  p,  102. 

<  hUU»UcAl  Accauui  of  Awtiin.  Vol.  1 1.  [>.  233. 

*  Si-lectiou»  from  lU'Cords,  lictii^il  Uovfrnmi:nt,  No  XIII,  p.  IS. 
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Ilitlierto  the  samples  of  supposed  coal  whioli  have  l>eeu  forwardo»l 
to  Calcutta  from  these  districts  for  examiuation  have  invariably  proved 
to  be  merely  lignite  or  jetty  coal  from  nests,  and  it  is  probable  that  the 
rocks  in  which  these  were  found  belong  to  the  younger  tertiary  j^roups. 
As  petroleum  is  stated  to  have  been  found  on  the  banks  of  the  Barak 
and  Sarang  rivers,  the  Dummulitic  rocks  are  probably  not  far  off,  and  local 
observers  need  not  feel  discouraged,  but  should  redouble  their  efforts  to 
discover  actual  outcrops. 

As  there  is  a  prospect  of  some  of  the  Assam  coal-fields  being,  ere 
long,  worked  by  companies,  the  following  may  prove  useful  :— 
liuUt/or  the  lease  of  a'U<;s  for  Coal-working  a  in  Upper  Aisam^ — that  us,  lu 
the  Dintricts  of  Sibiugar  ami  Ldk/iimpur. 

1.  Sites  granted  for  coal- working  may  not  exceed  fifty  acres  of  coal- 
bearing  rocks,  nor  may  more  than  one  site  be  leased  to  one  person  or  iu 
one  interest. 

2.  Leases  of  such  sites  may  not  be  granted  for  a  period  longer  than 
fifty  years. 

3.  Leases  of  such  sites  may  not  be  granted  before  they  have  been 
surveyed  and  their  boundaries  demarcated, 

4.  The  rate  of  revenue  to  be  charged  for  such  sites  shall  lie  Rs.  3 
per  acre  per  annum. 

5.  A  royalty  of  eight  annas  per  ton  shall  be  chargetl  for  all  coal 
carried  beyond  the  limits  of  the  grant, 

6.  The  lessee  shall  commence  quarrying  or  mining  operations  within 
two  years  of  the  date  of  bis  lease. 

7.  The  lease  shall  be  liable  to  cancelment  on  breach  of  any  of  the 
above  c(»nditions. 

8.  If  during  the  currency  of  the  lease  royalty  bo  paid  annually  oo 
less  tlian  100  tons  of  coal  mined  on  the  site  fur  five  years  successively, 
the  lease  shall  be  cancelled. 

9.  Nothing  in  these  rules  shall  be  considered  to  limit  the  right  of 
the  Legislature  to  impose  any  regulations  for  the  working  of  coal  mines 
in  Assam  which  it  may  consider  desirable. 

The  above  were  in  force  in  1878,  but  they  may  have  been  modifitHl  since. 

Ohittagong. — From  time  to  time  samples  of  brown  coal  or  lignite 
from  the  Chittagftng  Hill  Tracts  have  been  received  at  the  Owlogical 
Survey  ollice  for  examinatiot»  and  re])ort.  In  no  case  have  they  been 
of  a  character  to  encourage  a  hope  that  coal  occurs  iu  sufficient  abund- 
ance to  be  profitably  worked.'     The  great  value  which  coal  would  possess, 

'  OHtutn,  I>r  T  Cvnl  Kcwourci-s  of  Indik,  l^Mj7,  p.  IS.  RongHl  AJminiiilrHUan  RofiorW 
X»70.71,r.  *30. 
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if  found  at  ao  easily  accessible  distance  from  Chittagon^,  has  prov<xl 
an  incentive  to  research  by  the  local  otficiaU.  All  the  specimens  received 
are  believed  to  be  of  tertiary  age  and  probably  come  from  the  numcnulitic 
rocks,  which  are  known  to  form  a  jwrtion  of  the  hills,  where,  however, 
cretaceous  rocks  also  occur.  Samples  forwarded  for  assay  in  the  year 
lb70  gave  the  following  poor  results  :— 

A.  B. 

Carbon Sfi'S  25l> 

Volatile    .  .     38-  35-8 

Ash  ...    25-5  38'3 


luo- 


1(K> 


A  incltided  m  quantity  of  pyrites. 

British  Burma. — Arakan  Division.— From  the  number  of  refer- 
ences quoted  under  this  head,  in  the  list  of  authorities  given  at  tlie  cud  of 
this  volume,  it  will  be  seen  tliat  for  a  period  of  nearly  60  years  attention 
has  been  directed  to  the  carbonaceous  deposits  of  Arakan.  These  admit  of 
l>eing  discussed  in  three  groups,  the  northern  including  the  Baitmga 
Islands,  the  central  including  Kamri  and  Cheduba,  and  the  southern 
the  mainland  in  the  Sandoway  district. 

Baronoa  Islands. — These  are  three  islands  situated  south  of  Akyab 
harbour.  They  are  parallel  to  one  another  and  strike  in  a  north- 
western to  south-eastern  direction,  averaging  about  20  miles  long.  On 
the  western  coast  of  the  eastern  island  called  Angara- Khyong,  about 
two  or  three  miles  from  its  southern  extremity,  coal  is  said  to  have  been 
found  at  three  localities  below  high-water  mark.  In  one  place  it  was 
thought  that  the  bed  of  coal  was  5  feet  thick  ;  in  another  1 8  inches ;  the 
third  being  very  small.  The  dip  was  said  to  be  south-west  by  west. 
On  the  central  island  called  Peni-Khyong,  at  tlie  southern  end,  coal 
in  a  seam  of  1  foot  thick  was  reported  to  exist.* 

Mr.  Mallet,  in  his  description"  of  tho  petroleum  of  these  islands, 
suggests  the  possibility  that  the  lignitiferous  beds,  from  which  the 
I)etroleum  has  in  all  probability  been  derived,  occupy  submarine  area* 
between  the  islands.  He  says  :"  The  similarity  of  the  rocks  in  the  Barongae 
and  the  ob8crve<l  dips  lend  some  little  support  to  the  idea  tbat  the  Phadu 
and  Chengdumma  channels  mark  the  ]X)sition  of  anticlinal  l>eds  with 
a  synclinal  between  in  the  position  of  the  middle  island."  This  view, 
supposing  that  a  ivally  workable  scam  does  exist,  presents  a  more  hopeful 
prospect  than  Dr.  M'Clelland's,  which  represents  the  coal  under  the  sea  in 

'  C(>ut  OmiiiiitU-tf'x  flnni  rrfHirl. 
'  HccvrtU.  0.  I*.  J..  VyI.  XI,  p.  207 
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a  synclinal  iroiigh,  and,  therefore,  probably  imworkable,  while  on  the  other 
8iipi>osition  it  would  be  accessiV'le  at  no  great  depth  on  the  islands ;  but 
the  dips  are  bo  high  and  the  probability  of  the  existence  of  a  large  seam  of 
omtinuous  thickness  eo  slender,  that  in  spite  of  any  resnlts  from  assays 
no  future  can  be  safely  predicted  for  these  deposits,  though  it  is  conceiv- 
able that  a  limited  amount  of  useful  fuel  might  be  obtained. 

Samples  from  Baronga  were  forwarded  to  the  Geological  Survey  by 
Colonel  Sladen,  and  through  the  Economic  Museum,  for  examination ; 
the  former  proved  on  examination  to  be  lignite  in  which  the  woody  struc- 
ture was  apparent.     The  assays  gave  the  following  results  : — 

Water 4-5  50 

Volatile,  cxolusive  of  water       ....    37*5  35*8 

Carbon  (Rxed) 4f>'«  62'3 

Ai>U  (orauge-red) 8-4  6'9 

100-               100- 
Specific  Gravity        ....        31  

It  is  not  known  where  the  exact  spots  were  whence  these  were 
obtained,  or  whether  they  occurred  in  real  seams  or  merely  in  nests,  as  is 
not  improbable. 

The  five-foot  seam  mentioned  above,  if  it  ever  really  existed,  does  not 
appear  to  have  attracted  notice  of  late  years,  though  its  position  cannot 
be  far  from  the  petmleum  wells.  A  sample  of  coal  forwarded  by  the 
Baronga  Oil  Company  to  England  for  examination  by  Mr.  Redwood  was 
8ul)jected  to  destructive  distillation  and  yielded  lti'74  per  cent,  of  tar 
and  12'03  per  cent,  of  ammonical  liquor.  The  sample  would  not  coke  an<l 
it  contained  8  per  cent,  of  ash.  As  these  carbonaceous  deposits  exhibit 
every  variety,  from  a  woody  or  fibrous  to  a  jet-like  structure,  opinions  will 
differ  as  to  the  applicability  of  the  terms  lignite  or  coal.  If  the  substance 
possesses  heating  power,  or  is  suitable  for  the  manufacture  of  gas,  sup- 
posing it  to  occur  abundantly,  the  name  which  is  applied  is  not  material. 

Ramri  Island. — Although  attention  has  been  directed  to  the  carbon- 
aceous deposits  of  Ramri  for  many  years,  only  one  seam,  giving  even 
a  slight  promise  of  containing  coal  in  workable  quantity,  has  as  yet  been 
disrovored.  Some  ten  or  a  dozen  localities  might  be  mentioned  where 
at  different  times  hopes  were  raised  that  a  source  of  fuel  would  be 
found.  In  the  majority  of  cases  these  proved  to  be  only  lenticular  nests 
of  lignite,  or,  in  some  instances,  single  logs  of  carbonised  wood  im- 
bedded in  the  sandstones  j  in  the  others,  the  seams  were  too  thin  and  too 
steep, as  at  lloongand  near  Kyouk  Pbyu,  to  Ijkj  worked.  Under  these  cir- 
cumstances  it  is  pleasant  to  be  able  to  quote  from  Mr.  Mallet^s  re[>ort* 
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^^^B         his  accoant  of  a  seam  or  i-ather  seams  of  slightly  more  promise^  but  it  must           ^^^^| 
^^^H         t)C  stated  that  these  are  unlikely  over  to  possess  auy  very  high  commer'           ^^^^| 
^^^H          cial  value.                                                                                                                  ^^^^1 
^^^H                TsKTAMA. — The  be»it  seams  occur  less  than  one  mile  west  10*^  north  of           ^^^^H 
^^^H          the  village  of  Tsetama.     Ouc  seam  has  a  thickness  of  six  feet,  and  the           ^^^^H 
^^^H          other,  two  feet  five  inches.     The  dip  is  50*.     The  outcrops  reminded           ^^^^H 
^^^H          Mr.  Mallet  of  the  appearance  of  some  of  the  inferior  seams  of  Upper            ^^^^H 
^^^m          Assam,  and  the  rocks  arc  believed  to  be  of  the  same  geoloorical  age, — that           ^^^^M 
^^^1          is  to  say,  nummulitic  or  eocene.    The  coal  is  apt  to  foil  to  pieces  after           ^^^^| 
^^^H          •  short  exposure.                                                                                                        ^^^^H 
^^^1                Besides  the  high   dip  there   is  one  other  circumstance  unfavorable           ^^^^M 
^^^B          to  the  prospect  of  the  six-foot  seam  ever  proving  largely  pro<luctive,           ^^^^| 
^^^B          and  this   is   that   iu   the   upturned  edges  of  the  beds    with    which  it           ^^^^| 
^^^H          occurs  it  does   not  appear  except  at  this  one  spot,  so  that  its  lateral           ^^^^| 
^^^H          extension  is   probably  limited.     Mr.  Mallet,  in  concluding  his  remarks              '^^^l 
^^^H          on  tliis  coal,  says  that  sea-going  steamers,  with  Rcngnl  and  English  coal                  ^^M 
^^^H          at  command,  would  certainly  not  take  such  coal  as  that  which   has  been            ^^^^H 
^^^H         found  at  Ramri  owing  to  its  deficient  heating  power  and  friable  nature.              ^^^^| 
^^^H                He  believes  that  the  cost  of  raising  it  would  be  so  high  that  it  would                 ^^H 
^^^H         probably  not  find  a  market  for  local  purposes  at  Akyab.                                               ^^M 
^^^H                The  following  assays  are  by  Mr.  Mallet :~-                                                               ^^M 

^^^^^L 

CartMm. 

Volatile. 

wat«r. 

Asb. 

Ckkta* 

prop<>rUM, 

Colow  of  Agh.                        ^^M 

^^^^^^^K                  (it-foot  wup 
^^^^^^^B                   OD^foot  tun 

tt-A 

4B<e 

18-8 

S81 

8*4 

U'8 

10-8 

19-I 

181 
7'« 

C«kM  tlirtallj . 
DoM  botetU. 
C»kM       .       . 

^^^B               Cheduba  Island. — Mr.  Mallet  (/.  c.)  describes  a  scam  which  is  seen           ^^^^| 
^^^H         in  a  stream  which  descends  from  a  hill  north*ea«t  of  Pallang  Rao.     It  is           ^^^^| 
^^^B         only  two  feet  six  inches  thick  and  dips  to  east<20^8onth  at  an  angle  o£           ^^^^| 
^^^H         40^     It  is  similar  in  ap;>eanince  to  the  coal  at  Tsetama.     A  carbonaceous           ^^^^| 
^^^H         eundstone  was  dcscriljod  by  Captain  llatstead^  as  occurring  less  than  a           ^^^^H 
^^^H         mile  from  the  l)each  to  the  south  of  Pagoda  Hill.                                                       ^^M 
^^^B               Sandowat. — On  the  mainland  of  Arakan,  in   the   neighbourhood  of                 ^^M 
^^^1          Sandoway,  thin  carbonaceous  deposits    have   from  time    to    time    been             ^^^^| 
^^^H         discovered  and  samples  of  lignite  from  the  Arakau   Hill  Tracts  have           ^^^^B 
^^^H          l)een  forwarded,  but  at  present  there  are   no   solid  grounds  for  believing            ^^^^B 
^^^1          that  a  deposit  of  value  exists  in  these  regions.     It  is  possible  that  some            ^^^^| 
^^^H         of  these  may  be  of  cretaceous  age.                                                                         ^^^^H 
^^^^^K                                               Joar..  As.  8oo..  Ben^l,  Vol.  X«  p.                                                                ^^^H 
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Pegu  Division. — Near  Th»yet  Myo  (or  Thaict  Mio')  coal  was  dis- 
oovered  in  the  year  1855,  and  a  mine  was  open<id  which  at  first  gave  good 
promtso  of  yielding  a  quality  of  coal^that  would  have  l>een  most  serviceable 
for  the  steam  navigation  of  the  Irawadi.  Owing  to  the  beds  l>oing  nearly 
vertical,  mining  would  have  been  attended  with  considerable  difBcalty. 
This  might  not  have  proved  an  insurmountable  obstacle ;  but  the  fact 
that  the  two  seams  which  were  originally  discovered  gradually  merged 
into  one,  which  ultimat*?ly  died  out,  led  to  the  abandonment  of  opera- 
tions after  a  few  hundredweights  had  been  extracted.  Another  seam, 
also  worthless,  was  discovered,  according  to  Mr.  Theobald,"^  near  the  vil- 
lage of  Chouk-kalah  on  the  Mu  stream,  3  miles  south  of  Tham-baya- 
deing  boundary  pillar.  It  is  a  bed  of  carbonaceous  shale  including  one 
foot  of  hard  coal  and  a  few  stringy  seams,  amounting  in  all  to  18 
inches.  TIjo  dip  is  70°  to  east  by  north.  Its  situation  is  more  than  30 
miles  from  the  Irawadi. 

The  latest  examination  of  this  coal  was  made  by  a  gentleman  employed 
by  a  Rangoon  firm  in  1878*  to  report  on  the  petroleum.  Having  hwl 
experience  of  eoal-mming,  his  opinion  was  that  it  would  be  impossible  to 
work  the  deposits  profitably,  as  the  quality,  quantity,  and  the  state  of  the 
communications  were  all  unfavorable. 

At  Dalhousie,  near  the  mouth  of  the  Bassein  river,  and  in  other  places 
as  in  the  Shu  stream  al)ove  Sabatau,  traces  of  carbonized  trunks  or  lignite 
have  been  met  with,  and  have  given  rise  to  fallacious  hopes  of  a  source  of 
fuel.  The  rocks  in  these  localities  are  also  o£  the  older  tertiary,  num- 
mulitic,  or  eocene  ago. 

Tenasserim  Division. — In  the  Tenasserim  Division  coal  has  been 
found  in  the  tertiary  rocks  at  a  number  of  localities,  and,  sis  will  l>e  seen 
by  reference  to  the  Hat  of  authorities  at  the  end  of  this  volume,  there  are 
a  good  many  papers  on  the  subject.  Dr.  Heifer  appears  to  have  been 
the  earliest  writer  on  the  subject.  In  the  year  1838  he  made  his  first 
discoveries  and  descriJ>ed  thorn  in  glowiug  language,  which  was  only 
exceeded  by  the  terms  "  inexhaustible  beds  of  uniformly  good  quality'* 
made  use  of  by  the  Coal  Committee.  A  risumi  of  the  literature  will  Ikj 
found  in  the  i*ecently  ptjbltshed  "  British  Burma  Gazetteer." 

In  the  year  1855  all  the  then  known  localities  were  either  visited  by 
Pr.  Oldham  or  conclusive  information  was  obtained  regarding  them. 
Out  of  thirteen  named  localities,  in  five, — namely,  Bankyop,  Tagoo  Creek, 


'  OldhAtn,  IV.    SelesUons  from  Record*,  Qov«mmcni  of  India,  Vol.  X,  p.  90;  aimI  (Wl 
Rccoiircue  uf  loilia,  p.  18. 

»  Mem..  O.  S.  I..  V.d.  XI,  p.  342. 

•  Brltiali  Bunnn  Aanilnittmlluti  R«iK»rt,  1877-/a,  p.  35. 
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BaDpyai  and  Manton,  on  the  Great  Tenosserim  river,  and  in  Tagpit  Creek 
on  tbe  Little  Tenasseriiu  no  coal  exists, — black  carbonaceous  deposits 
incapable  of  suppOTiing  combastion  having*  Wn  miBtaken  for  coal.  Out 
of  the  remaining  eight  localities  two  were  too  remote  to  be  visited,  and 
tiie  occurrence  of  coal  waa  doubtful.'  The  following  gives  in  brief  Ui« 
results  of  the  examination  of  those  possessing  a  possible  value. 

Thoo-hth  Khyouno  or  Thatay  Khtouwq,  Lat.  12*30';  Long.  99° 
—On  the  Great  Tenaaserim,  about  the  year  ]  841,  a  coal  mine  was  worked 
here  by  Government,  but  was  subsequently  abandoned,  although  consi- 
derable expenditure  hud  been  incurred.  The  seam,  including  partings, 
was  11  feet  8J  inches  thick,  of  which  6  feet  8  inches  was  true  coal. 
The  dip  is  20'  to  15°  north  of  ea^t.  Iron  pyrites  is  very  abundaut,  but 
the  coal  was  easily  wrought,  being  turned  out  in  good  culK)idal  masses 
with  little  waste,  and  it  wus  found  to  answer  fairly  well  in  steam- 
engines.  Tlie  8t<?ep  dip  of  the  beds  was,  in  Dr.  Oldham's  opinion,  the 
most  serious  objection  to  working  the  mines,  as  the  site  is  not  unfavor- 
ably situated,  being  within  three-fourths  of  a  mile  of  the  river,  but  th« 
navigation  is  difiicult  for  al>out  80  miles  to  the  port  at  Mergui. 

As  remarked  by  Mr.  Fryar,*  who  visited  the  bx-jility  subscquentlyv 
tbe  question  of  working  these  mines  binges  upon  the  demand  likely  to 
arise  for  the  coal.  Were  it  of  a  quality  equal  to  Indian  steam  coal,  it  is 
doubtful  whether  it  could  contend  with  it  succossfiiUy  at  Indian  port*; 
and  of  local  demand  there  is  none,  the  monthly  steamer  from  Maulmain 
to  Mergui  using  wockI  fuel  on  the  n:'turn  journey, 

IIiENLAP  OR  HiKNLAT. — This  locality  is  the  name  of  a  village  about 
6  miles  north  of  Thoo-hte-khyoung.  The  seam  is  17  to  18  feet  thick, 
and  the  coal  is  of  pretty  uniform  character  with  coochoidal  fracture.  It 
comes  out  in  large  masses,  but  these  break  down  after  exposure.  It  does 
not  coke,  but  breaks  up,  leaving  little  ash.  Pyrites  is  not  so  abundant  as 
m  the  coal  of  the  laat-meutioned  locality.  An  assay  by  Dr.  Macnamara 
shows  that  it  would  be  rather  deficient  in  heating  power,  still  a  trial  made 
by  H.  C.  S.  Plnto^  of  100  tons  of  this  coal,  brought  down  to  Mergui 
T>y  a  Burman,  yielded  8.atisfnctory  results.  The  fipccific  gravity  is  1'28, 
The  assaya  of  this  and  of  the  coals  frt^m  the  following  localities,  although 
they  have  several  times  been  quotetl,  are  not  given  here,  as  they  seem 
(o  have  been  erroneoubly  copied,  or,  if  not,  the  proportions  of  constitu* 
ents  cnnuot  b*-  tr«\itc<!  a'^  j^crrontaii^cs  f^int.'e  the  totnls  con.«iiderably  exce*:^! 
100. 


*  Selections  from  Bocord«.  Oovwrnn^nt  of  Itulin.  V'ul.  X.  \\.  31. 

*  ladUan  KeoDouibt.  Vol.  IV.  t».  4.1 
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As  working  at  the  outcrop  by  the  natives  was  calculated  to  injure 
this  seam  in  reference  to  future  operations,  Dr.  Oldliam  recommended 
that  if  systematic  working  was  contemplated  the  former  should  be  put 
a  stop  to.  For  the  first  lot  of  this  coal  Rs.  24«  a  ton  was  paid  at  Mergui 
to  the  Burmese  contractor,  who,  however,  was  willing  to  enter  upon  a  new 
contract  at  the  rate  of  Rs.  16  a  ton. 

Kan-ma-pykno. — ^This  locality  is  situated  three-fourths  of  a  mile  north 
of  Hienlap.  The  main  seam  of  coal  is  about  8  feet,  hut  pyrites  is 
abundant,  otherwise  the  coal  is  similar  to  the  last.  In  situation  it  is  nearer 
the  river,  but  the  landing  place  is  not  so  good.  The  other  localities  in 
this  valley  appear  to  be  unimportant. 

LiTTLB  Tbnasserim  Uivkk — TsiNo  KooN. — ^This  locality  is  121  milee 
from  Mergui  and  80  miles  from  Tenasserim.  Dr.  Oldham,  accompanied 
by  Mr.  Chase,  spent  five  days  journeying  in  canoes  and  11  miles 
marching  through  the  forest  before  he  reached  this  spot  from  Tenasserim. 
It  was  in  reference  especially  to  this  coal  that  the  above-quoted  remarks 
were  made  by  Dr.  Heifer  and  the  Coal  Committee.  The  seam  or  seams 
examined  by  Dr.  Oldham  were  too  small  to  be  of  any  practical  value ; 
the  quality,  were  it  not  for  the  presence  of  a  certain  amount  of  pyrites, 
is  good.  The  dip  is  18°.  This  locality  is  on  the  frontiers  of  Siam. 
Although  the  tract  in  which  it  is  situated  was  once  thickly  populated, 
there  are  now  no  human  habitations. 

Lenya  River — A-tono-wo,  Lat.  11"  25'  ?  Long.  99". — ^This  locality 
is  about  8  miles  above  the  Lenya  village  on  the  Lenya  river,  which  joins 
the  sea  south  of  Mergui.  It  took  five  days  traveUiug  in  canoes,  numer- 
ous sliallows  being  encountered  before  the  spot  was  reached. 

The  coal  is  exposed  in  the  bank  of  a  small  tributai-y  called  the  Phliaj 
but  it  unfortunately  proved  to  be  only  an  irregular  bed  varying  from 
1  foot  to  2  feet  6  inches  in  thickness ;  it  is  throughout  laminar  with 
thin  seams  of  jetty  coal  between  the  layers,  and  very  numerous  imbedded 
nodular  lumps  of  a  resinous  amber^like  substance.  The  whole  appear- 
ance of  the  rocks  suggested  that  they  were  more  modern  than  those 
of  the  Tenasserim  district.  The  coal  and  associated  rocks  dip  at  from 
S5'  to  88°,  to  between  15°  and  80"  north  of  east.  The  coal  ignites  with 
some  difficulty,  but  retains  its  shape  after  the  lumps  become  red  hot.  The 
amber-like  resin  causes  it  to  blaze  up.  It  comes  out  of  the  bed  in  large 
solid  masses,  and  if  it  occurred  in  abundance  would  be  a  useful  fuel  for 
many  purposes. 

In  Dr.  Oldham's  concluding  remarks  he  states  his  belief  in  the  pro- 
bable identity  of  the  Tboohte  (or  Tbattay)  and  Ueiulap  seams,  but  the 
Kan-ma-pyeog  seam  probably  belongs  to  a  higher  horizon. 
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The  coal  could,  he  considered,  be  laid  down  at  Mergui  if  worlted  on  a 
large  scale  for  R«.  10  a  ton.  The  latest  opinion  as  to  the  extent  of 
the  demand  has  already  been  quoted,  but  the  fact  should  be  borne  in 
mind  that  this  field  contains  coal  in  sufficient  quantity  and  of  such  a 
quality  as  to  render  it  possible  that  it  may  yet  become  commercially 
valuable. 

Upper  (or  Native)  Burma. — Tlie  only  detailed  accounts  of  the 
appearance  and  character  of  coal  seams  in  Upper  Burma  are  by  Dr. 
Oldham,'  whose  observations  at  Thing^aw  were  made  during  Ui© 
mission  of  Sir  Arthur  Phayre  to  Ava  in  the  year  1855,  and  by  Dr. 
J.  Anderson"  during  the  expedition  to  Western  Yunan.  Some  notes  by 
Major  Strover  on  the  mineral  resources  of  Upper  Burma'  more  recently 
published,  give  additional  localities,  and  these  it  will  be  most  convenient 
to  mention  first.  Coal  is  known  to  exist  at  Thingadaw,  about  70  miles 
above  Mandalay,  on  the  western  bank  of  the  Irawadi;  at  Shuaygu 
below  Bhamo ;  at  Meinbaloung  in  the  Shan  states  east  of  Mandalay ;  to 
the  south-west  of  Mandalay  in  the  Yaw  district,  at  Yaignaw,  east  of 
Nat-taik.  It  Is  found  also  at  Pagan  and  Shimpagah.  Major  Strover 
states  the  coal  at  Meinbaloung  has  been  examined  by  a  Mining  Engineer, 
and  tbat  it  is  said  to  be  a  true  mineral  coal  quite  equal  to  the  best 
English.  Coal  is  known  to  exist  ia  the  Hukong  valley,  where  amber  it 
founds  as  has  been  described  on  a  previous  page. 

Thinoadaw,  Lat.  28"  45';  Long.  95". — This  locality  in  situated  on  the 
western  bank  of  the  Irawadi,  at  some  distanoe  from  the  tbree  points 
where  the  coal  outcrops  visited  by  Dr.  Oldham  lie,  Tlie  most  southemly 
of  these  is  in  a  stream  bed  10  miles  west  of  the  village  of  Tembiung. 

The  seam,  which  is  4  feet  thick,  dips  to  west-SO'-south  at  16^.  ^ 
contains  a  large  proportion  of  impurity  in  the  form  of  black  powdery 
soot  and  black  clay.  It  disintegrates  rapidly  on  exposure,  and  even 
at  first,  on  account  of  its  fiaky  and  cracked  condition,  it  cannot  be  got 
out  in  large  lumps.  In  the  year  1865  it  had  been  worked  to  some 
extent,  but  its  sale  in  Pegu  had  not  proved  remunemtivo. 

The  second  locality  is  on  the  upper  waters  of  the  Kibiung  stream,  5 
miles  farther  north  and  5  miles  west  of  Thingadaw.  The  coal  herd 
with  the  included  shale  is  5  feet  6  inches  thick;  dip  5'  to  8"  to  west. 
The  structure  is  flaky  aud  woody,  and  includes  an  amber-like  resin  in 
nests.  This  appears  to  have  been  formed  from  the  exudation  of  the  sap 
of  the  wood,  which  on  decomposition  formed  the  coal. 


'  Colonel  Yulo'c  miuion  to  Ava,  Appendix  E.  p.  333. 
'  Rvport  oil  oipviiiUau  to  Wv«tcrii  YiniAn,  pp.  IW,  199, 
*  ItiiUuu  Kcouotuiat,  Vol.  V,  p.  14. 
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The  third  locality  is  8  miles  north-west  of  Thingfadaw.     Tho  coal 

18  hard,  compact  and  jetty,  with   email  imbedded  lumija  of  amber-like 

resin.    The  thickness  in  3  feet  9  inches  to  4  feet,  and  the  dip   B** 

to  north-east ;  both  floor  and  roof  are  good.    This  is  the  most  promising 

locality  of  the  three.     A  good  deal  of  coal  had  been  i*aised  but  none 

removed,  as  the  conntry  was  impracticable  for  carts  ;  but  as  the  distance 

was  only   7  or  8  miles  to  the  Irawadi,  Dr.  Oldham  considered  that 

the  deposit  was  likely  to  become  a  valuable  one.   There  is  now  a  dep6t  for 

this  coal  at  Thingadaw,  where  the  steamere  take  ia  fuel,'    The  seams 

at  the  first  and  second  localities  were  thought   to   be   tho   same,  while 

this  was  considere<l  to  occupy  a  higher  horizon ;  no  fossils  were  found 

to  show  the  age  of  the  beds,  but  it  is  possible  that  they  may  prove  to  be 

cretaceous  like  those  containing  similar  resinous  coal  elsewhere* 

Dr.  Anderson-  visited  two  coal  mines  to  the  west  of  the  village  of 

Kabyuet,  which  appear  to  be  further  south,  though  possibly  on  the  same 

horizon  as  those  above  d^eribed.   One  of  these,  called  Lek-opc-bin,  is  6 

feet  thick,  and  the  dip  ia  to  the  south-west  at  an  angle  of  35°.     It  is 

distant  about  5  miles  from  the  river.    The  other  is  at  Ket-zii-bin  to  the 

north-east  of  Lek-ope-bin  on  the  banks  of  a  small  stream.     It  is  said 

to  contain  the  best  coal ;  two  of  the  openings  had  been  flooded  and  the 

other  only  recently  commenced. 

Half  a  dozen  men  worked  in  each  pit,  their  only  tools  being  axes  and 

chisels  in  wooden  handles.   Tlie  amount  mined  is  therefore  inconsiderable, 

ind  the  coal  comes  out  in  very  small  pieces. 

Andaman  IslandB. — Tracee  of  coal  have  been  met  with  in  several 

of  the  islands  of  the  Andaman  group,  but  as  yet  no  regular  seam  has 

Jtaen  discovered.     The  deposits  consist  of  nests  which,  in  every  case  where 

nnf  excavation  has  been  attempted,  have  been  speedily  exhausted.    The 

rocks  arc  either  of  the  oldest  tertiary  or  most  recent  cretaceous  age,  and 

probably  Ijeloug  to  the  same  group  as  those  of  Negrais  of  the  Arakati 

Yoma  {vide  ante,  Part  II,  p.  733). 

In  a  sinking  for  a  well  on  Viper  Island  one  of  the  above-mentioned 

nests  of  coal  was  met  with,  and  samples  from  thence  on  analysis  yielded 

the  following  results  :— 
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Allbougti  from  iU  Kghtoeas  aud  fn'alility  litis  coal,  fiFOpposmjB^  it  to  be 
Foam]  io  quaotity,  might  Dot  prove  well  suited  for  employ  men  i  in  marine 
cMgiues,  still  there  is  no  doubt  that  for  other  i)uri>o«oi  it  would  posscsa  a 
con):»idemhlo  value.' 

Nicobar  Islands. — The  existence  of  coal  in  dntain  islands  of  Uio 
Nicobar  group  has  now  been  known  for  many  yearS)  aud  at  one  time  it 
attracted  some  little  notice.  There  is  every  reason  for  believing,  however, 
that  it£  mode  of  occurrence  is  similar  to  that  of  the  Aiidamaus,  Although 
the  rocks  in  some  of  the  Nicobars  arc  probably  not  very  far  removed  from 
those  of  eocene  age,  which  in  Java,  Borneo,  and  Sumatra  contain  workable 
and  valuable  seams,  still  no  such  seam  has  yet  been  discovered  on  any 
of  the  smaller  islands,  and  it  is  impossible  to  say  what  the  interior  of  the 
Great  Nicobar  may  or  may  not  contain,  as  its  exploration  has  hitherto 
been  very  partial. 

In  the  year  184j6  Mr.  Mackoy,^  the  Danish  Consul  at  Calcutta,  together 
with  two  Danes,  visited  the  Nicobars  in  a  schooner  commanded  by  Captain 
Lewis.  Tho  priucii)al  object  of  this  expedition  was  to  search  for  ooat,  of 
the  existence  of  which  rumours  had  already  reached  Culcutta.  The  journal 
of  Mr.  Buseh,  one  of  the  Danes,  shows  that  the  party  were  successful  in 
obtaining  some  fragments  of  coal  and  lignite.  Weathered  samples  of  thoM 
which  had  been  found  in  the  sands  of  the  Southern  Islands  were  analysed 
by  Dr.  M'Clelland,^  and  his  description  of  some  of  them  suggests  the 
pctssibiiity  of  their  being  European  coal  which  bad  fallen  from  ships,  as 
some  of  the  coal  brought  at  other  times  from  the  Nicobars  is  believed  to 
have  been.  Be  this  as  it  may,  Drs.  Kink  and  Uochstetter,*  and  sabsm 
quently  the  writer,  obtained  more  or  less  coaly  or  carbonaceous  matter  i» 
mIu  in  the  sandstones  of  these  islands.  Dr.  Kink,*  who  was  geologist  on 
board  tlie  Danish  corvreltc  Gaiathea^  found  coal  on  Little  Nicoliar,  Trice, 
Milu  and  Kondul,and  fossil  resin  resembling  amber  on  Milu.  He  states 
that  the  nests  of  brown  coal  occurred  without  any  order,  sometimes  in 
the  sandstone  and  sometimes  in  the  shale,  and  api>eared  to  be  derived 
from  drift  wood.  Dr.  llochstetter  obtained  similar  samples  in  ailu 
on  the  islands  of  Track,  Kondul,  and  tlie  sonth  side  of  the  Great 
Nicobar.  On  the  straud  at  Palo  Milo  he  picked  up  pieces  of  laminated 
coal  on  tho  beach,  such  as  come  from  seams ;  but  these,  he  thinks,  may 
have  ialkn  ovcrlward  fi-om  the  steamer  Gangu,  which  accompanied  tho 
OalatJkea, 

•  Jour.,  Am.  Soc.  Bcngiil.  Vol.  XXXIX.  p.  23«. 

•  Svlc'ctioni  from  IU<coriLi^  Guvcrnmcut  of  India,  Vol.  LXXVI^pp.  20>  21 

•  Op.  Oft.,  pp.  127. 158. 

•  0)p.  eit,,  p.  821. 
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In  conclusion  it  may  be  said'  that  so  far  as  examination  has  yet  gone 
there  is  no  ground  for  believing  that  a  valuable  deposit  of  coal  exists  in 
either  the  Andaman  or  Nicobar  groups  of  islands ;  at  the  same  time  it  is 
just  possible  that  such  may  yet  bo  found. 


Peat. — From  time  to  time  proj)ositions  have  heen  made  in  reference 
to  the  employment  of  peat  as  fuel  for  Indian  locomotives.  The  sole 
objection,  however,  to  the  scheme,  and  one  which  cannot  but  be  accepted 
as  valid,  is  that,  in  so  far  as  the  northern  part  of  the  peninsula  is  con- 
cerned, true  peat  does  not  exist,  and  the  evidence  available  points  to  the 
vegetable  accumulations,  which  have  been  described  as  peat,  being  Iwth 
in  quality  and  quantity  wholly  unsuited  to  the  purpose  of  manufacture 
ing  into  an  economical  fuel. 

It  has  sometimes  even  been  questioned  whether  the  term  "  peat "  is 
strictly  applicable  to  the  deposits  formed  at  high  elevation  in  the  Nilgiris 
in  Southern  India ;  but  as  will  be  shown  the  terra  is,  in  this  case,  quite 
an  appropriate  one.  This  peat  has  attracted  some  particular  notice,  and 
the  following  is  a  rSsumi  of  all  available  information  on  the  subject. 

Madras :  Nilgiris. — A  very  elaborate  paj^er  with  discussion  on  the 
subject  of  the  employment  of  the  peat  of  the  Nilgiris  in  a  condensed, 
as  distinguished  from  compressed,  form  for  fuel  on  Indian  Railways  is 
printed  in  the  Journal  of  the  Society  of  Arts."  Colonel  Romaiue  Wragge, 
the  author,  expresses  a  confident  opinion  as  to  the  abundance  of  peat  in  the 
KUgiris,  and  the  possibility  of  its  being  brought  to  the  ports  of  Madras 
and  Bombay  and  being  sold  there  at  a  price  considerably  less  than  that 
of  coal.  That  the  swampy  accumulations  of  vegetable  matter  which 
occur  there  have  yielded  a  fuel  for  local  purposes  is  amply  attested  bjr 
various  writers '  on  the  Nilgiris.  Indeed  it  is  a  fact  sufficiently  notoriona 
that  turf  is  largely  employed  for  burning,  and  is  sold  at  a  moderate  price; 
but  there  arc  no  data  available  as  to  its  workiug  power  in  locomotives,  and 
until  by  analysis  and  actual  practical  tnal  it  is  shown  to  be  equal  to  Irish 
or  Canadian  peat,  it  seems  to  l>e  rather  premature  to  apply  to  it  the  statis- 
tics referring  to  the  latter.  However,  samples  cut  into  prismatic  pieces, 
which  were  sent  to  Dr.  Percy  liy  Dr.  Cleghom,  though  not  analysed, 
were  according  to  the  former  similar  to  the  marketable  peat  of  England.* 

Mr.  W.  T.  Blanford,  who  is  quoted  by  Dr.  Percy,  has  stated  that 
the  peat  of  the  Nilgiris  is  only  found  on  the  part  of  the  hills  al>ove  6,000 


*  Jour.,  Ai.  Soc.  Betipil .  Vol.  XXXIX,  p.  28. 

•  Jour.,  Soc.  of  Arts,  Vol.  XIX.  1871.  pp.  201  and  266. 
'  Clcchorn,  l>r.      ForetU  »ud  GarUen*  of  Suatb  ludU. 

87,162.178. 

♦  P«n7'«  M«UUurgr.  'Fuel;  1875,  p.  201. 
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feet  in  a  temperate  climate  where  both  tbe  fauna  and  flora  show  affi- 
nities to  those  of  the  pala?arctic  region,  and  differ  entirely  from  those  of 
Benpal.  Dr.  Cleghom  says  that  the  general  appeai-ance  of  the  bogs  in 
the  Kunda  mountains  resemhlea  that  of  those  which  occur  in  Europe,  and 
although  the  g|)ecies  of  plants  from  which  they  are  formed  are  not  iden- 
tical, the  same  genera  are  often  present  in  both,  as  Seir/ius,  Career,  Par- 
matsia,  Ulricularia  ;  othere  being  absent,  as  Erica,  Erichora,  &c. ;  but 
Sphagnum  prevails  very  extensively  in  these  upland  marshes  of  the  east 
as  well  as  in  the  bogs  of  Europe.  The  prevalence  of  the  idea  that  true 
peat  does  not  occur  in  the  tropics  doubtless  accounts  for  the  unwillingness 
of  some  to  apply  the  term  to  this  Nilgiri  turf;  but  it  is  clear  from  the 
above  that  it  is  true  peat,  and  that  at  the  same  time  it  is  scarcely  trne  to 
speak  of  it  as  occurring  in  the  tropics  notwilhRtauding  the  latitude,  since 
the  altitude  at  which  it  is  formed  removes  it  from  a  tropical  into  a  tem- 
perate climate.  It  is  stated  that  in  some  cases  bogs  which  have  been 
opened  up  have  been  completely  washed  down  the  mountains  by  heavy 
monsoon  rains. 

Although  there  are  no  estimates  as  to  the  extent  of  these  bogs,  still 
by  all  competent  to  form  an  opinion  it  seems  to  be  admitted  that  they  are 
numerous  and  include  a  vast  supply  of  fuel.  On  the  western  side  of  the 
hills,  sunny  days  suitable  for  drjing  the  turf  are  not  of  frequent  occur- 
rence, but  this  objection  does  not  apply  to  the  eastward  according  to 
Dr.  Cleghom. 

As  to  the  cost  of  production,  Dr.  Cleghom  states  that  the  retail  cost 
of  a  cart-load  of  turf  at  Utakamund  is  Ks.  2  to  2  J,  Another  statement  is 
that  a  cart-load  weighing  1,000  pounds  can  bo  obtained  at  the  bog  for 
8  annas. 

A  table  by  Colonel  Wraggc  represents  bis  estimate  of  the  saving 
which  would  be  effected  by  using  peat  instead  of  coal  on  the  four  prin- 
cipal peninsular  lines,  excluding  the  East  Indian,  the  figures  of  coal 
consumption  lieing  taken  from  returns  of  1867.  The  sum  so  saved  is 
put  down  at  £l24-,033  per  annum ;  but  his  calculations  depend  principally 
upon  the  question  as  to  the  cost  of  transport,  which  can  only  be  discussed 
by  those  with  local  knowledge,  and  they  alone  can  say  whether  6d. 
per  ton  per  mile  for  carting  down  the  hills  is  a  practicable  estimate. 

In  a  second  table  the  cost  of  the  peat  at  the  Nilgiri  dep6t  is  put 
down  at  lOs.  per  ton,  and  this,  it  is  said,  could  be  carried  from  Beypur  to 
Bombay  by  coasting  vessels  at  a  total  cost  when  landed  of  £2  per  ton. 
By  way  of  comparison  the  price  of  English  coal  is  stated  to  Ikj  £3-15-0 
per  ton;  but  this  b  certainly  anexccfisive  price.  Even  in  another  part  of 
his  paper  (p.  202),  the  average  cost  of  European  coal  lauded  in  Bombay 
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for  the  use  of  the  railways  is  stated  to  bo  only  £*^2*8,  and  at  the 
present  time  coal  con  be  obtained  in  Bombay  for  about  lis.  17-S  per 
ion. 

Lower  BengaL — Tlicre  are  in  the  neigbboarliood  of  Calcaita  and 
in  other  parts  of  Lower  Bengal  two  kinds  of  vegetable  accumulations,  to 
which,  iu  the  absence  of  a  more  suitable  name^  the  term  Feat  has  been 
ap]>lied. 

The  older  of  these  occurs  in  the  alluviam  at  varying  depths  below  the 
surface,  and  excavations  about  Calcutta  frequently  lay  it  bare.  A  section 
in  a  ta»ik  at  Sealdah,  described  and  figured  by  Mr.  H.  F.  Blanford,* 
was  as  follows : — 

Fine  »and       ....  '•lor 

Lotun  pAssing  into  clay  .....)  ''^ 

I*oat  with  tree  stumps           .          ,         ,         .         .  1  foot. 

Clay  with  sand  and  tree  stumps     ....  10  feet. 

Lowest  tre<?8  seen  .         ,         .         .  .  ^ 

Blue  clunchy  clay  with  roots  of  trees   .         .         .  >  15  foot. 

Black  carbonaceous  saod ^  "             46  feet. 

The  peat  bed  of  the  above  section  is  traceable  over  a  wide  area  on 
bt>lh  sides  of  the  Hugli  river,  but  its  depth  from  the  surface,  or  in 
reftToncc  to  the  sea  level,  varies  considerably.  Since  the  Sundri  trees, 
JlerUteta  litioralUj  to  which  the  stamps  l>elonged,  died,  there  must,  it  is 
concluded,  have  been  a  subsidence  of  18  feet  at  Sealdah.** 

For  our  present  puri)ose  it  is  not  necessary  to  give  any  further  parti- 
culars as  to  the  distribution  of  this  deposit.  Generally  speaking  it  ap- 
pears to  be  too  impure  to  be  of  much  use  as  a  fuel.  The  following 
analysis  by  Mr.  Prinscp'  of  some  which  was  dug  up  from  30  feet  below 
the  surface  at  the  Chitpur  lock-gates  does  not  distinguish  between  the 
aqueous  and  combustible  volatile  constituents  :— 

Valulile  timlltfr.  prinolpnlly  aqueous 62*0 

Fixed  ciirbooiUeous  ntattcr 16*7 

lUdaidi 213 

1CK> 


Even  were  there  any  prospect  of  its  yielding  a  good  fuel,  it  could 
not  be  quarrie<l  by  opeu  workings  to  any  extent,  and  mining  in  a  wot 
■oil,  »uch  «B  tliat  beneath  Calcutta,  could  certainly  only  be  effected  at  on 
expense  far  greater  than  the  return. 

'  Jonr.,  At.  Boc..  Bcn^ftJ,  Vol.  XXXIIT.  p.  167. 
»  IVocdpi^  A».  8or.,  Bengal,  I8fi6,  \y  81. 
*  Juur.,  A*.  Sue..  Dcugal,  Vol.  II.  p.  486. 
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This  bed  of  peat  was  fonntl  by  Dr.  Falconer  to  contain  the  soods  of 
Eurtfoleferox,  a  plant  which  was  not  known  to  occur  nearer  than  Dacca.* 

The  other  variety  of  peat  is  forming  at  the  present  day  in  the  bottoms 
of  jheehi  principally  from  the  accumulation  of  the  Stalks  of  wild  rico, 
Orjfza  s^lve^ffrii,  with  which  the  decayed  remains  of  Valitntfia,  NympAea, 
and  other  plants  are  sometimes  found,  but  the  bulk  of  the  deposit  is 
derived  from  the  rice.  It  is  sometimes  used  as  a  manure,  for  which 
purpose  it  is  well  suited,  but  it  is  not  likely  to  afford  a  useful  fuel.^ 

Oudh:  Pertabgubh. — Attention  was  drawn  by  Major  Oneeley' 
some  years  a^o  to  the  occurrence  of  a  black  carbonaceous  deposit  in  the 
jh^eU  of  Oudh,  which  it  was  thought  roi^ht  servo  as  a  fuel.  Some 
experiments  appeared  to  show  that  it  had,  when  used  in  looomotives,  a 
greater  beating  power  than  wood.  The  following  assay  by  Mr.  Tween  of 
a  sample  which  was  forwarded  for  examination  indicates  a  very  poor  fuel, 
the  heating  power  of  which  was  slight,  since  the  fixed  carbon  did  not 
amount  to  one-sixth  of  the  whole  weight  :— 

PLxed  cfti-boD 165 

VoUta©  (bcluJing  water  13-3)     .                         ■    iS- 
Ash  86*6 


Kashmir. — A  sample  of  peat  from  Kashmir,  obtained  by  Dr.  Falcon*  i 
was  analysed  l>y  Dr.  Percy.*     It  was  brown,  crumbly,  and  somewhat  like 
coarse   cut  tobacco  in   texture.     It   contained   the  remains  of   ar|natic 
plants,  but  none  of  mosses.    The  included  water  amounted  to  Ilh40  {ler 

cent. 

Cwhon S7'15 

Hydrogen 4-08 

Oxygtm ,  28-48 

Nitrogen 2^ 

Ash  33-27 

IOC 

From  a  comparison  of  the  amounts  of  fixed  carbon,  i\\'\9  substance 
Oiglit  to  have  about  twice  the  heating  power  of  that  from  Oudh. 

North-west  Provinces. — Traces  of  true  peat  are  said''  to  exist  at 
Bhim  Tal,  near  Naini  Tal,  bat  the  deposit  there  must,  from  the  nature 

'  IIooker'R  IliinftUjim  Joornal,  VoL  II,  p.  S41. 
«  Jonr,  Ab.  Soc.  Beng*l,  Vol.  XXIII,  p.  400. 

•  Op,  ciL,  Vol  XXXIV,  pp.  85,  86. 

•  I*erc-y'»  MeUllar^,  •  Fuel.'  p.  205, 

'  Alkinaou,  B. T.   Economic  Oeolog)-  of  Hill  DistricU  of   NorlhWvM^^ru    i  rt»viuc<  . 
■  ■    M877.  p82- 
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of  the  case,  be  so  limited  in  extent  as  not  to  have  any  great  commercial 
value. 

Nepal, — Beds  of  an  impure  peat  are  of  frequent  occurrence  in 
Nepal,  according  to  Mr.  H.  B.  Mcdlicott.'  They  were  observed  in  the 
gullies  close  above  the  Katwaldar  gorge,  and  near  the  surface  of  the 
uplands  north  of  Ratmandui  not  being  oonfiued  to  the  margins  of  the 
valley.  As  contrasted  with  the  peats  of  Kashmir,  these  deposits  are  thick, 
and  the  quality  is  good  enough  to  afford  a  fuel  which  is  largely  employed 
for  brick-burning. 

Assam. — SimilaTJAeel  deposits  to  those  described  above  as  occur- 
ring in  Bengal  are  also  found  in  Assam,  as  might  be  expected,  A  sample 
forwarded  to  the  Geological  Survey  office  from  Nazira  on  examination 
by  Mr.  Tween  gave  the  following  poor  results  : — 

Carbon 13-4 

Toktile  (includiog  moietare  13*6)        .        .        .    34*2 
Afih  52-4 

1» 


At  Phenchnganj,  in  Silhet,  a  deposit  of  so-called  peat  was  discovered 
by  the  late  Dr.  Bairy  in  1.^63.     It  was  said  to  burn  well. 

Burma. — Considerable  dejwsits  of  peat  are  believed  to  exist  in  the 
higher  valleys  of  the  Salwin  and  Irawadi  rivers ;  but  particulars  I'egarding 
them  are  scanty.  Such  lakes  as  the  Nongyang,  near  the  Patkai  range, 
in  Upper  Burma,  recently  described  by  Mr.  S.  Peal,  may  be  exjiected  to 
have  in  connection  with  them  large  peaty  deposits." 

Petroleum. — Petroleum,  so  far  as  our  knowledge  goes,  is  wholly 
absent  from  Peninsular  India;  supposed  discoveries  have  indeed  been 
reported  from  time  to  time,  but  these,  on  being  subjected  to  strict 
examination,  have  proved  to  be  fallacious.  The  most  notorious  of  these 
cases  occurred  at  Khona  Oopalapad,  in  the  Madras  Presidency ;  but  there 
the  supposed  petroleum  proved  to  be  only  a  substance  derived  from  the 
accumulated  droppings  of  bats. 

Passing  from  Peninsular  India  to  the  extra-peninsular  countries 
where  the  rocks  belong  to  formations  closely  related  to  those  of  Europe, 
we  meet  with  several  regions  where  the  strata  yield  more  or  less 
abundant  supplies  of  petroleum,  some  of  which  are  of  considerable 
economic  importance.  Tlie  nature  of  this  product  varies  at  different 
localities ;  in  some  it  consists  largely  of  the  lighter  hydrocarbons,  such 
as  naphtha ;  in  others  the  heavier  and  less  readily  combustible  varieties 

'  |{i<cordii.  0,  S.  L,  VoL  VIII.  p.  99. 

•  Jour.,  Af.  Soc.,  Betigai,  Vol.  h,  Pt.  II,  1881,  p.  L 
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prevaili  and  these,  on  exposure  to  the  atmosphere,  become  oxidised  and 
change  into  the  condition  of  asphalt. 

There  can  be  little  doubt  that  the  formation  of  petroleum  is  inti- 
mately thou|rh  obscurely  connected  with  the  presence  of  salt,  otherwise 
it  would  be  difficult  to  account  for  the  simultaneous  oecurrenoe  of  petro- 
leum and  brine  springs  which  has  been  observed  in  India  as  well  as  in 
Pennsylvania  and  Virginia. 

Singrowli. — According  to  Mr,  TV.  Roberts,*  Mr.  Oslwm,  of  the 
Opium  Department,  discovered  iron  sulphate  with  exudations  of  petro- 
leum at  tl»e  Umlah  Gh&t,  in  the  year  1887;  but  the  latter  not  in  suffi- 
cient quantities  to  be  of  any  use.  Nothing  has  since  been  heard  of  this 
discovery. 

Alwar. — ^TiJARAn,  Lat.  27*"  56';  Long.  76*  54'.— Close  toTijarah,  in 
the  Alwar  State,  and  about  30  miles  north  of  the  city,  the  discovery  of  a 
bituminous  de|K)sit  was  reported  in  the  year  1871".  Its  mode  of  occur- 
rence was  thus  described  by  Dr.  Ffrench  Mullen,  Surgeon  to  the  Agency. 

It  was  found  in  two  fields,  whieh  are  almtit  20  feet  above  the  level  of 
a  road  which  nins  east-by-south  to  the  Ladloara  fort.  The  substance  was 
first  tamed  np  by  the  plough  and  was  found  to  be  combustible.  It 
lay  in  patches  in  the  soil  of  from  3  to  1  inches  thick,  and  at  an  average 
dej>th  of  3  inches  from  the  surface.  Trenches  cut  across  the  fields  did  not 
prove  the  existence  of  a  greater  thickness  anywhere. 

Samples  of  this  substance,  which  were  forwarded  to  the  Chemical 

Examiner  to  the  North-West  Provinces  and  Oudh,  yielded  26'56  percent. 

of  bitumen  and  3*72  of  fixed  carljon.     Other  samples  forwarded  to  the 

■  Geological  Survey  office  yielded  from  SO  to  60  per  cent,  of  combustible 

matter. 

According  to  native  tradition,  the  spot  had  been  the  site  of  a  baUatt 
or  cattle  village.  It  was  suggested  at  the  time  that  the  deposit  was  due 
to  infiltrations  from  animal  and  vegetable  refuse  ;  but  the  locality  does  not 
appear  to  have  been  visited  by  any  one  qualified  to  give  a  definite 
Urpinion.  It  seems  probable  that  a  true  bitumen  was  formed  by  the 
fftlteration  of  the  cellulose  of  an  accumulated  mass  of  vegetable  matter, 
in  contact  with  a  saliferous  soil.  The  facts  do  not  justify  the  conclusion 
that  the  discovery  had  any  real  value,  and  it  is  chiefly  in  consequence 
of  its  having  given  rise  to  a  considerable  amount  of  official  correspond- 
ence that  it  is  mentioned  here. 

Outch.— Mr.  Wynne  states  that  some  friable  brown  shales  in  the 
^Bub-nummuUtic  and  next  succeeding  beds  contain  small  resinous  and  black 

^  Selectioiu  from  Reoordf,  NoHb-WMt  Proviucc*  Ooveriiment»  new  icriet.  Vol.  Ill, 
p.  152. 
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bituminotis  lumps  which  nro  burned  in  the  native  temples  as  incense.  It 
is  called  Bhttt  khana  or  spirit  food  at  Mohurr,  where  it  is  found,  and  it 
also  occurs  at  Julerai  and  Lukput.  Ta  the  eastwai-d  of  the  latter  place  it 
was  observed  in  small  quantities  in  tertiary  shales,  which  belong-  to  a 
horizon  slightly  above  that  of  the  nummulitic  group.  No  mineral  oil 
appears  to  have  been  discovered  as  yet  in  Cutcb. ' 

Balochistan. — According  to  Captain  Hutton,  at  the  sulphur  mines 
of  Suni  (Sunnee),  40  miles  from  Bagh,  in  Kachi,  petroleum  drops  from 
the  rw)f  into  a  small  hollow.  It  is,  as  will  be  again  referred  to  in  the 
description  of  the  f  ulphur,  boiled  together  with  the  impure  varieties  and 
refuse  of  the  mine  and  forms  a  dark-coloured  brimstone.  Reports  of  the 
existence  of  petroleum  in  the  I^Iari  country  have  been  at  several  times 
recorded,  but  definite  information  on  the  subject  is  not  available. 

Afghanistan. — In  Afghanistan  it  is  believed  that  there  are  several 
localities  where  bituminous  products  occur,  as  they  are  commonly  sold  as 
dmgs  in  the  bazaars  of  that  country.  According  to  Captain  Hutton,"  a 
mineral  pitch  called  Mumiai  by  the  natives,  and  which  is  used  for 
external  application,  is  found  in  the  Shah  Makhsud  range.  A  sob* 
stance  supposed  to  be  this  same  Mumiai ,  otherwise  called  Rock  Chetny, 
which  was  obtained  by  Lieutenant  ConoUy  as  an  exmlation  from  a 
fissure  in  a  rock  in  Ghazni,  was  analysed  by  Mr.  Piddington/  who 
concluded,  in  spite  of  its  savoury  name,  that  it  was  composed  of  the 
excreta  of  birds,  more  probably  of  bats,  mixed  wdth  salts  of  lime.  There 
was  no  trace  of  bitumen  or  sulphur.  In  fact,  the  substance  was  no 
doubt  similar  as  regards  its  origin  to  that  which  many  years  after- 
wards, as  already  mentioned,  attracted  so  much  notice  in  the  Madras 
Presidency. 

Panjab. — In  writing  an  abstract  of  the  available  information  on  the 
subject  of  the  petroleum  and  asphalt  of  the  Punjab,  there  is  this  some- 
what unusual  feature  for  India,  that  it  has  already  been  done  on  an 
extended  scale  by  a  specialist,  Mr.  B.  S.  Lyman,*  a  Mining  Engineer,  who 
was  brought  out  by  the  Government  to  report  upon  the  petroleum-yield- 
ing districts  of  India.  His  researches  did  not  extend  beyond  the  Punjab. 
His  conclusiona,  it  should  l>e  said,  fully  confirmed  the  opinions  already 
expressed  by  Dr.  Oldham  and  Mr.  A.  B.  Wynne  of  the  Geological  Survey. 

As  Mr,  Lyman  appears  to  have  consulted  all  or  nearly  all  the  available 
authorities,  the  list  of  whose  publications  will  be  found  at  the  end  of  this 


*  Man.,  a.  &  I..  ToL  IX.  p.  69. 

*  Cal.  Jour..  N.it.  Ilisty.,  Vnl.  VI.  p.  601. 
»  .four..  Aa.Soc.,  nongftl.  Vol,  IV,  p.  6W. 

*  Uv|Hirt  iiti  PuuJAb  Oil  Land*    Lalttm*.  1670. 
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volume,  it  will  bo  less  noross:iry  to  quote  from  previous  "Writings  here 
than  it  is  iu  the  coses  of  other  dei>ogit«.  One  exception  must  bo  made*,  aa 
from  Mr.  Wynne's  last  report  it  will  be  necessary  to  draw  oar  iuformin- 
tion  regarding  tlie  geology. 

Mr,  Lyman's  general  conclusion  was  that  by  properly  opening  up  the 
known  localities  there  was  a  f»ir  likelihood  of  obtuining  about  100  gal- 
lons of  oil  a  day  for  eight  years,  after  which  the  supply  would  probably 
fail.  Tb©  accumulated  asphalt,  he  thought,  might  yield  100  gallons  a 
dtty  for  three  or  four  yenrs,  so  that  in  all  twelve  years'  supply  would  Ikj 
forth-coming  for  the  gns  works  at  that  rate  of  consumption,  after  which 
the  railway  to  Rawalpindi  might  make  other  gas  mnti^rial  available. 

Since  Mr.  Lyman's  report  was  written,  the  gas  works  have  oomo  into 
full  operation,  and  the  Sui)erintendent,  Mr.  C.  H.  Blackburn,  has  kindly 
forwarded  a  note,  from  which  we  learn  that  the  total  ipinntity  of  oil 
Ct^Uected  during  the  past  year,  1880,  was  2,850  gallons,  at  a  total  cost 
when  brought  to  Rawalpindi  of  Rs.  1 ,31  ToO-^S,  or  7  annas  4|  pie  per  gallon. 
Tlie  details  will  be  foimd  on  subsctjuent  pages  under  the  head  of  Barra 
Kutta  (Jaba)  and  Gunda  (Fathejnng),  where  alone  tbe  springs  are  at 
present  worked.  The  average  production  of  gas  per  gallon  of  oil  during 
the  year  was  320  cubic  feet,  with  an  illumiuatiog  power  equal  to  from 
11  to  15  standard  candles. 

It  may  be  of  interest  to  add  that  an  experimental  trial  of  the  Pin- 

^dadun  Khan  or  Khewmcoal,  as  a  sulMstitute  iu  the  manufiu^uro  of  gas 

it  Rawalpindi,  has  recently  been   made  by  Mr.  Blackburn.     The  gaa 

was  produced  at  the  rate  of  10,900  cubic  feet  per  ton  of  coal,  and  in 

flighting  power  it  was  equal  to  12^  standard  caudles.     The  amount  of 

'  wilphur  was  excessive,  and  the  smell  resulting  from  its  presence  was  very 

pungent  in  the  unpurified  gas.    Tbe  residue  in  the  retort  was  a  fine  ash 

which  did  not  cake. 

Shahpur  District :  Duma,  Lat.  Si"  89';  Long.  72'  17'  80.''— At  this 
locality  there  are  five  spots  where  tar  or  asphalt  exudations  occur  on  a 
sandy  bed  not  more  than  6  feet  thick.  Four  of  these  spots  are  situated 
on  the  Wudda  Duma,  within  40  yards  of  the  jnnction  of  two  streams 
which  form  it ;  the  fifth,  14  yards  above  that  point,  on  tbe  Nikka  Duma. 
The  amount  of  liquid  tar  seen  at  all  these  places  put  together  did  not 
exceed  half  a  gallon  in  all.  Mr.  Lyman's  report  as  regards  this  plnce 
was  uufavorable,  and  he  discouraged  the  idea  that  boring  would  increase 
the  yield  to  a  profitable  extent.  He  compares  the  extent  of  the  deposit 
to  that  of  the  small  beds  of  lignite)  whicb  consist  of  the  minerubsixl 
lemains  of  a  few  plants.  Duma  is  34  miles  north  of  Knl)uki  and  77 
miles  south-west  by  south  of  Kawalpiudi. 
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CiiiNNUn,  Lfit.  t^r  87' 30";  Long.  6^  12'.— Tlie  tai-  at  this  locality 
issues  at  three  spot, — soue  in  a  limestone,  the  others  in  brownish  grey 
Bandstonc.  At  the  most  eastern  of  these  there  was  only  about  a  tea* 
spoonful  of  tar ;  at  the  middle,  half  a  pint ;  and  at  the  western,  the  merest 
trace  of  scum. 

The  dopoeita  from  whence  these  exudations  are  derived  do  not.  in  Mr. 
Lyman's  opinion,  exceed  a  few  feet  or  perhaps  inehes  in  extent.  It  would, 
he  states,  be  folly  to  attempt  boring.  This  locality  is  83  miles  south-west 
of  Rawalpindi  and  24  miles  north-west  of  MurdwaK 

Hanguch,  Lat.  32°  38'  80";  Long.  72°  14.'  30'.— The  tar  issues  from 
a  brownish  grey  sandstone  bed  within  a  few  feet  of  its  base,  and  the  two 
springs,  which  are  25  feet  distant  from  one  another,  come  from  layers  about 
6  feet  apart.  The  one  from  the  upper  layer  is  the  larger,  but  the  wholo 
yield  of  both  is  hardly  a  pint. 

As  the  sandstone  which  yields  it  is  well  exposed  at  the  springs,  the 
bitmniiious  matter  from  which  it  comes  must  be  of  very  Hmiteil  extent. 
It  would  therefore  be  unwise  to  make  borings,  but  the  steadiness  of  the 
dip  indicates  the  points  where  borings  shoidd  be  made  were  it  decided  to 
prove  the  bed  at  greater  depths.  This  locality  is  81  miles  west  by  soutU 
of  Ilawalpindi  and  'Z\  miles  north-west  of  the  village  of  Dhuddow. 

Jhilam  District:  Sadiali. — This  locality  is  only  known  by 
native  report.  Mr.  Lyman's  guides  failed  to  point  it  out  to  him.  The 
amount  of  tar  is  said  to  be  small.  The  position  is  90  miles  south-east 
of  Rawalpindi,  7  miles  south-east  of  Lawa^  4i  miles  south-east  of  Nara, 
and  2  miles  east  of  a  salt  ehowki. 

SuLGT,  Lat.  32°  80';  Long.  72°. — This  locality,  which  is  situated  near 
Amb,  does  not  appear  to  have  been  visited  by  Mr.  Lyman,  but  the  dej^sit 
which  is  described  by  Mr.  Wynne  seems  to  be  small  and  of  no  com- 
mercial value.  Tar  was  found  exuding  from  a  brown  tertiaiy  sandstone 
above  the  nummulitic  limestone. 

Bannu  District :  Bara  Kutta,  Lat.  32*  51' ;  Long.  71°  44-'.— There 
are  in  this  vicinity  three  or  four  springs  within  a  distance  of  60  yanis 
along  the  western  bank  of  the  Bara  Rutta  and  at  about  the  water  level. 
The  oil  comes  from  fissures  in  a  gray  limestone  rock  through  a  space  of 
about  loo  feet  in  thickness,  and  the  main  spring  comes  from  about  100 
feet  below  the  top  of  the  lime  rovk.  The  oil  at  first  is  dark  green  in 
colour,  but  quickly  becomes  dark  brown  or  black  and  tarry.  The  m.iiii 
afiring  is  some  6  feet  long  and  a  foot  or  two  wide  and  quite  shallow;  the 
others  are  smaller. 

The  natural  yield  here  Mr.  Lyman  estimated  at  three  pints  daily, 
and  he  considered  the  locality  of  sufficient  promise  to  recommend  boring  ; 
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the  bed  is  continuous  with  that  at  Chota  Kutta  aud  may  possilly  bo  uil- 
bearing  throughout.  The  dip  ia  steep  and  reversed,  so  that  to  reiich  the 
bed  at  840  feet  distance,  it  is  estimated  that  a  boring  of  1,000  feet  deep 
would  be  required,  though  a  boring  close  by  would  traverse  the  bed  for 
SOD  feet.  These  springs  are  situated  1|  miles  south  of  Jaba,  10^  miles 
south-east  of  Ralabagh,  and  95  miles  eouth>west  by  west  of  Rawalpindi. 
Mr.  Blackburn's  recent  account,  which  has  been  referred  to  above,  is 
as  follows.  At  Jaba  there  are  five  springs,  in  each  of  which  the  oil  rises 
with  the  water  and  is  skimmed  off  the  pools.  A  small  bore-hole,  4  inches 
in  diameter  and  12  feet  deep,  yields  about  one  gallon  a  day.  The  total 
yield  from  this  locality  was  1,400  gallons  in  1880. 

Chota  Kutta. — The  mode  of  occurrence  here  is  similar  to  that  above 
described  as  regards  the  rock.  The  fissures  from  which  the  oil  exudes 
are  situated  in  a  thickness  of  about  100  feet  of  the  limestone  rock,  and 
the  main  spring  comes  from  about  the  centre.  There  are  three  oil  springs 
on  the  left  or  eastern  side  of  the  stream  near  the  water's  edge  and  a 
fourth  on  the  western  side.  The  oil  in  the  springs  rises  with  water  and 
floats  uiJon  it.  At  two  or  three  of  the  larger  springs  holes  have  been 
dug,  say  a  foot  and  a  half  across  and  two  feet  deep. 

At  the  main  spring  gas  continually  bubbles  up.  The  estimated  yield 
is  at  least  three  quarts  a  day.  This  suggested  that  borings  should  be  mnde 
to  test  these  beds.  A  large  quantity  of  gy]>8um,  which  includes  some 
sulphur,  occurs  near  the  spriugs.  From  both  these  localities,  Bara  and 
Chota  Kutta,  the  cost  of  transport  for  each  camel-load  to  Rawalpindi  would 
amount  to  about  Bs.  1-8.  Chota  Kutta  is  1 H  miles  south  by  west  of 
Jaba,  10  miles  south-east  of  Kalabagh,  and  95  miles  south-west  by  west 
of  Rawalpindi.  Mr.  Lyman  gives  a  long  h^t  of  the  authorities  who  havi 
described  this  locality, 

BkBTi  Algad,  Lat.  32°  83'  .30'' ;  Long.  71*  22'— Tlie  locality  known 
by  the  above  name  is  situated  10|  miles  south  of  Isa-khel  and  121  miles 
south-west  by  west  of  Rawalpindi,  according  to  Mr.  Lyman,  who  calls 
it  Aluggud.  The  asphalt  deposits  arc  said  to  extend  in  spots  for  about 
a  quarter  of  a  mile  along  the  east  side  of  the  brook,  and  amount  in  all  to 
about  850  cubic  yards.  They  are  somewhat  impure  aud  the  quantity  accu- 
mulated would  weigh  about  550  tons.  The  liquid  tar  perhaps  amounted 
to  100  gallons.  As  there  was  no  sign  of  oil  except  near  these  dejxjsits,  it  is 
concluded  that  the  bed  is  not  bituminous  for  any  great  distance.  It  is 
reeommendcil  that  a  boring  l)e  made  close  by,  which,  owing  to  the  thick- 
ness of  the  oil-l>earing  beds,  might  be  expecteil  to  prove  successful.  Mr. 
Lyman  thought  that  the  rock  containing  the  oil  was  ol  carboniferous  age 
Mj.  Wynne '  has,  however,  identified  them  as  being  towards  the  top  of  the 
•  Mtin., O.  S.  J..  Vol.  XVII,  Part  11.  p. 60. 
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upper  part  of  the  ceratite  group  and  they  are  therefore  triassic.  The  oil 
or  asphalt  might  be  sent  down  the  Indus  by  boat  or  up  it  to  Isa-khel, 
and  thence  by  road  to  Rawalpindi,  a  dietance  in  all  of  145^  miles. 

Kohat  District :  Panoba,  Lat.  33'  36'  ;  Long.  71'  68'.— The 
springs  at  this  locality,  three  in  number,  are  situated  67  miles  due  west 
of  Rawalpindi.  The  oil  comes  from  fissures  in  a  steeply  inclined  num- 
mulitic  limestone.  The  daily  yield  from  the  three  is  estimated  at  half  a 
gallon.  It  is  more  inflammable  than  the  oil  at  Gunda  which  is  mentioned 
below.    Borings  arc  suggested.    The  distance  by  road  to  Rawalpindi  is 

87  miles. 

Lieutenant,  afterwards  Sir  Alexander  Burnes '  mentions'the  existence 
of  pet  roleum  springs  near  Kohat,  the  oil  from  which  was  used  for  burning 
by  the  natives. 

These  springs  appear  to  have  been  visited  by  Lieutenant  Wood''  when 
on  his  journey  to  the  Oxus.  The  oil,  which  he  calls  naphtha,  issued 
from  five  spi-ings  and  yielded,  he  estimated,  five  gallons  a  day.  He  allud«« 
to  the  manufacture  of  sidphur  here. 

Rawalpindi  District:  Ditlla,  Lat.  33* 37';  Long.  72*  35'.— At 
this  locality,  which  is  situated  38 i  miles  due  west  of  Rawalpindi,  and 
16  miles  west-north-west  of  Futtchjang,  there  is  no  liquid  oil  exposed, 
the  nearest  approach  being  some  asphalt  melt«d  into  tar  by  the  sun*« 
heat.  The  amount  of  accumulated  asphalt  is  about  half  a  cubic  yard. 
Borings  here  do  not  promise  success  and  the  inacceesibility  of  the  locality 
is  a  drawback.  The  rock  containing  the  bitumen  is  believed  to  lie 
nummulitic  limestone,  the  same  as  that  at  Bava  Kutta,  &c. 

Jafib,  Lat.  33°  33';  Long.  7£^  85'. — Some  borings  made  hero 
revealed  a  trace  of  oil,  but  none  is  now  to  be  seen  at  the  surface. 

BoARi,  Lat.  33' 34-' 30" ;  Long.  72°  36'  80".— This  locelity  is  28^ 
miles  west  from  Rawalpindi  as  the  crow  flies,  llie  quantity  of  oil  seen 
here  is  insignificant;  there  is  an  accumulation  of  about  six  cubic  yards  of 
asphalt  and  some  earth  saturated  with  bitumen.  The  rock,  which  is 
nuramulitic  limestone  with  a  steep  dip,  appears  to  be  only  very  locally 
bituminous,  and  boring  is  not  recommended.  The  earth  would  aflbrd  a 
scanty  supply  of  oil  and  gas,  but  would  perhaps  not  bo  worth  the  cost  of 
carriage, 

Churhut,  Lat.  33' 85';  Long.  72*87'.— The  oil-well  here  is  situated 

88  miles  west  of  Rawalpindi  and  5^  west  by  north  of  Futtehjang. 
The  rocks  arc  of  nummulitic  age.  The  yield  of  oil  is  small.  Digging 
operations  were  carried  on  in  lh69  by  Mr.  Fenner,  and  the  hole  was  said 
to  yield  half  a  gallon  daily.     There  is  an  accumulation  of  about  15  cubic 

«  Jmir,  Am.  Sot..  Bongnl,  Vol.  II,  p.  267. 
>  X*«nou«l  Nurrativv,  p.  lii. 


Economic  Geology] 


RAWALPINDI  DISTRICT. 


lai 


yards  or  19  tons  of  impure  asphalt.     It  is  not  considered   likely  that 
borings  would  be  successful. 

GuNDA  ott  ScDKAL,  Lat.  33*  3i' SO'' ;  Long.  72*  41.— Tliese  well« 
are  situated  about  23  miles  slightly  south  of  west  of  Rawalpindi  and  2  \ 
miles  north-west  of  Puttehjang.  The  rocks  here  are  nummuUtic  also> 
with  considerable  accumulations  of  more  recent  deposits  resting  on  them. 
Oil-wells  were  dug  here  first  in  1S66  by  Mr.  Fenner,  and  one  of  them, 
known  as  the  '  main  well/  yielded  at  first  about  five  gallons  a  day ;  when 
deepened  to  35  feet  it  yielded  at  first  25  gallons,  and  when  a  boring  was 
made  to  a  depth  of  75  feet  from  the  surface  the  first  day's  yield  was  50 
gallons.  Between  the  8th  of  April  and  2 '2nd  October  1870  the  amount 
of  oil  collected  was  l,9r)3  gallons.  Mr.  Lyman  estimated  that  about 
1,000  gallons  more  might  be  expected ,  after  which  the  yield  would  b« 
insignificant.  The  amount  of  asphalt  on  the  surface  was  estimated  to  be 
about  19  tons,  which  would  give  about  11,000  cubic  foot  of  gas.  Various 
borings  were  recommended  by  Mr.  Lyman  to  further  develop  the  yield. 
Mr.  Wynne'  has  also  described  this  locality. 

Mr.  Blackburn  {in  epUL)  states  that  at  Ganda  there  are  now  five 
borings  and  one  well  in  use.  The  diameter  of  the  borings  is  four  inchea 
and  the  depths  vary  from  6&  to  120  feet.  The  oil  is  obtained  by 
passing  down  dipping  tul>es,  but  the  process  is  slow  and  tedious  and  the 
yield  is  small.  The  quantity  obtained  in  the  well  is  minute,  and  is  got 
by  skimming  the  water  every  second  or  third  day.  The  total  average 
annual  yield  now  exceeds  2,000  gallons. 

LuxDiGAR,  NEAR  MuttAT,  Lat.  33°  30' ;  Long.  72*  56'.— Here  there 
are  two  spots  at  a  distance  of  a  quarter  of  a  mile  from  each  other ;  at  one 
earthy  asphalt  is  found,  at  the  other  a  small  quantity  of  oil.  The  rocka 
are  nummulitic  sandstones  with  a  high  dip.  Boring  does  not  seem 
likely  to  yield  any  large  supply,  as  the  bituminous  deposits  have  all  the 
appearance,  like  so  many  others,  of  being  exceedingly  local. 

Basala,  Lat.  33°  30'  30^^ ;  Long.  72^^  57',— Ten  miles  and  a  half 
soulh-w^est  by  south  from  Rawalpindi  and  one  mile  and  three  quarters  eaat 
of  Murat.  The  rocks  are  probably  of  the  same  ago  as  those  at  Gunda.  The 
yield  here  is  estimated  at  a  gill  a  day  ;  the  oil  rises  drop  by  drop  tbrougb 
shallow  water.  Boring  is  not  recommended  as  the  bed  of  rock  at  its 
outcrop  gives  no  evidence  of  the  existence  of  anything  but  a  most  limited 
source  of  this  oil. 

Chibpae,  Lat.  33"*  30'  30"  j  Long.  72°  2'.~Three-quarters  of  a  mile 
fouth-west  of  Musrot  and  eight  miles  south-west  of  Rawalpindi ;  a  sort 
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of  tutural  paraffiue  forms  stalactites  in  a  cave  on  the  Chirpar  monntain. 
The  deposit  is  too  email  to  justify  any  expenditure. 

Rata  Ottjb,  eleven  miles  north-east  of  Rawalpindi.  The  rocks  are 
nummulitic  limestones  from  fismres  in  a  bed  of  which  the  oil  issues  to 
the  extent  of  half  a  pint  a  day  or  even  less.  There  is  about  half  a  ton 
of  impure  asphalt  on  the  ground.  Mr.  Lyman,  notwithstanding  that  the 
produce  was  so  small,  recommended  an  experimental  boring  of  not  more 
than  100  feet  in  dej>th. 

Hazara  District. — In  the  Serra  mountains,  according  to  Captain 
Abbott,  there  are  three  springp,  one  yielding  bitumen,  another  sulphate 
of  iron,  and  the  third  a  mucilaginous  substance  resembliug  the  pulp  of 
an  orange  and  having  a  pleasant  odour.  This  is  probably  paniffine. 
Torches  are  made  of  the  asphalt,  but  the  use  of  the  other  substance  was 
not  known. 

Kumaun. — Bitumen  is  said  by  Captain  Herbert®  to  exude  from  the 
crevices  in  a  limestone  rock  on  the  summit  of  the  range  between  the  Sarju 
and  Ramganga.  It  is  used  by  the  natives  as  a  medicine,  and  from  its  high 
price  it  is  concluded  that  it  is  not  abundant.  A  similar  exudation  was 
subsequently  referred  to  by  Mr.  Lawder  in  a  paper  on  the  mineml  statis- 
tics of  Kumaun.'  Some  remarks  were  made  at  the  time  as  to  the  appro- 
priateness of  the  term  salajU^  which  is  the  usual  name  for  alum,  but  kala 
(black)  salajU,  so  called  in  Nepal,  is,  according  to  Dr.  Campbell,  a  bitu- 
minous substance.* 

Assam. — The  petroleum  of  Assam  has  attracted  notice  for  many  years. 
Hit  herto  attempts  to  work  it  have  not  been  very  successful  as  commercial 
'speculations  ;  but  the  failure  seems  to  be  due  to  causes  other  than  those 
which  could  be  attributed  to  any  defects  in  the  quality  or  quantity  of 
the  substance.  The  consensus  of  opinion  by  geologists,  and  others  com- 
petent to  express  judgment  on  the  subject,  is  favourable  to  the  prospect 
of  a  profitable  industry  being  possible  when  the  means  of  communication 
shall  have  been  improved,  and  when  other  difficulties  which  have  hitherto 
ojieruted  prejudicially  shall  have  been  removed.  Some  of  these  latter 
affect  all  mining  enterprises  in  India  and  have  been  sufficiently  alluded  to 
elsewhere. 

The  occurrence  of  petroleum  in  Assam  has  been  most  distinctly  shown 
to  bo  iotiroatcly  connected  with  the  presence  of  coaUbearing  rocks.  Accord- 
ing to  Mr.  Mallet  there  is  no  recorded  instance  of  petroleum  having  been 

Joar..  Ai.  fioc.,  BengnJ,  Vol.  XVI,  p.  IU7. 
'  A».R«.,Vol.XVlII.p.230. 
»  KtTonb,  G.  S,  I.,  Vol.  II.  p.  89 ;  Vol.  IV,  p. «. 
♦  Juur.,  Af.  Soc...  Dengjil,  Vol.  Ill,  p.  483. 
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found  ID  Upper  Assam  save  within  the  limits  or  in  the  immediate  vicinity 
of  the  coal-fields.  Marsh  gas  commonly  occurs  with  the  petroleum, 
and  there  appears  to  be  more  than  chance  in  the  fact  of  the  contigtiity  uf 
galine  and  petroleum  springs.  It  has  been  observed  to  be  the  case  in  the 
Punjab  and  Burma,  as  well  as  in  Assam. 

For  particulars  regarding  the  petroleum  of  Assam  an  already  pub- 
lished account  by  Mr.  Mallet  *  has  been  the  chief  source  from  which  the 
following  abstract  has  been  prepared.  Mr.  Mallet  has  shown  that  for 
commercial  or  leasing  purposes  the  oil-springs,  or,  as  they  arc  locally  called^ 
'jiungs*  may  bo  thus  classified  '^ 

1.  Tlioso  in  the  Tipam  HiU  north  of  the  Dihing  ; 

2.  Those  in  same  range  between  the  Dihing  and  Disang ; 

3.  Those  of  the  Makum  coal-field  south  of  the  Dihing  between  the 

Dirafe  and  Tirap  rivers  ; 

4.  Those  to  the  east  of  the  Tirap. 

SuPKONO  IN  THE  Bari  Dihino. — ^Two  pctroleum  springs  were  dia- 
covered  here  near  the  outcrop  of  a  seam  of  coal  in  the  year  1825  by 
Lieutenant  Wilcox.'''  Neither  the  coal  nor  the  petroleum  were  used  by 
the  Singhphus.  On  the  siu'face  of  the  liquid  mud  at  the  springs,  green 
petroleum  floated.  The  place  was  a '  lick'  much  resorted  to  by  cattle  and 
wild  animals. 

Namrup  Pathak. — Several  petroleum  springs  were  di8C0vei-e<l  by 
Major  Whit«  '  in  1837  on  the  Namrup  river,  in  the  country  of  the 
Singhphus.  These  had  been  previously  unknown  to  Europeans  and  were 
not  then  much  used  by  the  inhabitants.  In  Dr.  Gri filths'  private 
journals  *  allusion  is  twice  made  to  these  springs.  They  occur  in  four 
different  places  all  close  to  the  Pathar,  three  on  the  low  hill  to  the  south 
and  one  on  the  Pathar  itself.  The  discharge  varies  in  quality  from  a  thin 
greenish  fluid  to  a  bluish  grey  opaque  one,  which  is  somewhat  thick.  The 
quantity  yielded  by  the  springs  of  the  latter  character  is  considerable  ; 
on  the  surface  of  all  nn  oleaginous,  highly  inflammable  fluid  collects  as  a 
thin  film. 

Namchick  Pathau. — Captain  Hannay  *  describes  the  occurrence 
of  petroleum  close  to  a  coal-seam  in  this  place,  near  the  mouth  of 
the  Namchick  river.     White  mud- mixed  with  petroleum  is  said  to  be 


1  MCTti.,G  S.  L.  Vol.  XI T.  p.  356. 

»  Aa.  R«.,  Vol.  XVII,  p.  416. 

>  Jour.,  At.  8oc..  Retigul,  Vol.  V],  1837,  p.  243. 

*  CNicutU,  edited  by  Dr.  J.  M'Clclland.  pjK  GO.  1)7. 
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thrown  up  in  certain  basins  or  pools  intermittently  and  with  considerable 
Tiolence. 

Namdang  EiVBE. — Petroleum  rises  in  at  least  two  spots  in  the  bank 
of  the  Namdang  river,  in  the  Makum  coal-field,  a  little  below  its  exit 
from  the  hills. 

Makum,  Lat.  27'  15';  Long.  95**  44'.— In  1866  the  petroleum 
springs  in  the  Makum  coal-field  were  visited  by  Mr.  H.  B.  Medlicott, 
who  stated  that  though  their  discharge  was  small  they  were  the  most 
promising  which  he  had  seen,  but  nothing  had  then  been  done  to 
facilitate  it.  The  gas  was  so  abundant  and  so  continuously  poured  forth 
that  when  lighted  it  flamed  without  intermission.  This,  coupled  with 
the  fact  that  there  was  no  water  discharge,  led  Mr.  Medlicott  to  recom- 
mend boring  in  order  to  fairly  test  the  supply. 

This  was  done  in  1867  by  Mr.  Goodenough,  a  member  of  the  firm  of 
Messrs.  Mackillop,  Stewart  and  Co.,  of  Calcutta.  Oil  was  struck  at  118 
feet,  and  it  immediately  rose  74  feet,  or  to  within  44  feet  of  th6  surface. 
About  800  gallons  were  drawn,  after  which  the  yield  became  irregular ; 
altogether  about  eight  holes  were  put  down.  The  return  from  No.  5 
hole  was  as  follows  :— 

Table  showing  when  the  blows  of  oil  eommeneed,  the  time  the  <nl  continued 
running f  and  quantity  of  oil  given. 


Dftt*.  1868. 

Commenced 
to  run. 

Daji  and  hours 
ranning. 

Gallons  per 

day  of 
M  hoars. 

Bbhaixs. 

Judiury     8th 

9       A.M.     ... 

6  d«ji  1&  hoars 

MO 

Stopprd  fradaally. 

l«th       ... 

U         „       ... 

18       » 

1,600 

1,500  gallons  in  12  hours  (very  stnmc 

blow). 

mh     ... 

n        „      ... 

li        H 

a.ioo 

2,100  nllons  in  14  hoars  (reiy  strong 
blow). 

„        aoth     ... 

Midnlgrbt      ... 

•       .. 

600 

600  fallons  in  0  hours. 

„            Slat       ... 

10       A.K.     ... 

M             M 

480 

48» gallons  in  20  hourf. 

»rd      ... 

11         .,       ... 

Iday  IS       „ 

300 

300  gallons  per  day  (ran  slowly). 

27tl»       ... 

9-30    „       ... 

»»      .. 

800 

Do.                       do. 

nth      ... 

9.30    „ 

6  days  16       ,. 

260 

Banning  very  slowly. 

Febnur;    6tb 

9 

19       „ 

60O 

500  in  19  hoars. 

7th       ... 

9         ,.        ... 

2d«js 

700 

,.          19th       ... 

3      p.  K.     ... 

1»       » 

1,400 

In  19  hoars  1.400  galloM. 

ICth       ... 

9      1.  ■.     ... 

I  day     •       .. 

1,000 

1.900  in  90  hours. 

Wth       ... 

11         

1  ..      s       „ 

900 

In  28  boars. 
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"TubU  iAotoinp  w/ien  the  blows  of  oil  commenced ,  the  time  the  oil  continued 
running,  and  quantUjf  of  oil  given, — coucld. 


Itote,  1009. 

CorninraoM 
to  mn. 

Daya  mml  hoon 

Oallooa  Mr 

day  01 
Mbonn. 

tSK&BC*. 

Mareh 

Sltd 

9-90  A.X.     ... 

1  day     6  Loan 

1,700 

in  ao  heiin. 

.. 

nh     .„ 

«                 M 

ld«y« 

«.000 

S,n00  lo  4S  bonra. 

.. 

nth      ... 

V         •* 

Ida?    11       « 

$,tM 

la  36  bottfa,  tMy  atriHur-tarcl  pIpM. 

»» 

9Ut 

w        

91  diTi  n       ,. 

BOO 

•I 

11.7 

Itth 

«        V.  ■.     ... 

«  » 

I*' day 
460 

pirdftj. 

?alrei  Tvry  Utile  or«n  ;  to  r«diM» 
'     iht  flow  M  BtMb  M  pMdbU. 

My 

mil      ... 

11^  A.  K.     ... 

S    ..  ni  hoon 

400 

» 

IWm 

t           

4   „  «        « 

uo 

» 

27th       ... 

1      r.  M.    ... 

1»        « 

«M 

lu  15  Itoura. 

.. 

Wtb        ... 

lO-SOA.lf.     ... 

i^r*i 

roo 

A  Bkroof  blow. 

JkVig\ltt 

8th       ... 

• 

3       « 

aoo 

In  thr««  hoitTi  i  f«r7  otrottir  Bow. 

>. 

llUk        ... 

2      r. «.    ... 

a  da^i  10       „ 

IJOO 

" 

SSnd       ... 

9^30  A.  tf.    ... 

• 

4M 

1b  8  boon. 

After  this  no  record  waa  kept  Dor  was  the  temperatare  ascertained 
at  any  time.  Mr.  Hughes,  from  a  paper  by  whom '  the  above  fa<»t8 
are  extracted,  attributes  Mr.  Goodenouorh's  faihire  to  make  t}ie  industry 
oommercially  profitable  altogether  to  difficiilties  connected  with  transport, 

A  sample  of  this  petroleum  which  was  operntcd  upon  was  bluelc, 
perfectly  liquid,  and  of  rather  strong  odour  ;  specific  gravity  '971. 

One  thousand  parts  were  submitted  to  distillation,  first  by  the  heat 
of  a  water-bath,  but  that  being  insufficient  the  oil  was  then  heated  by 
direct  fire.    It  l)egan  to  boU  at  460^P.— 


fl- 

20    parte  below      600*    F. 

8. 

06-6           betwe«n  600*— SSIS*  of  ip. 

I?''- 

.     ft78 

3. 

120-5               „         626'-65(»'      „ 

, 

.     '882 

4. 

100-0               „         660*— 575"      „ 

,       SO'i 

6. 

1335               „         575*— flOOC      „ 

•<liK_> 

6. 

166'5           above               600* 

ins 

7. 

183'5               

WG 

8. 

IOC'S                „                            iuiuod  boUd  ou 

cuuliug. 

948*0 
There  was  a  small  residue  of  coke. 
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The  fust  six  portions  would  do  for  lamp  oil,  although  of  rather  higher 
specific  gravity  than  that  of  American  petroleum, 

Nos.  7  and  8  contain  eoHd  paraffine,  which  can  be  separated  for  mak- 
ing into  candles,  and  the  liqnid  oil  used  for  lubricating ;  or,  after  the  first 
six  portions  have  been  distilled  off,  the  whole  of  the  residue  in  the  retort 
might  l>e  used  as  lubricating  oil  for  machinery. 

In  the  year  1878  application  was  made  to  the  Chief  Commissioner  of 
Assam  by  a  Calcutta  firm  for  a  grant  in  perpetuity  or  for  99  years  of  the 
exclusive  right  to  the  liquid  and  solid  hydrocarbons  in  the  Jaipur  sub- 
division in  the  Lukhimpur  district;  but  although  there  was  much  corre- 
spondence on  the  subject  the  negotiations  appeal-  to  have  fallen  through. 

Bapu  oe  Babu  Bor  PrNG.— At  this  locality,  which  is  said  to  be  on 
the  northern  side  of  the  Tipam  range,  the  presence  of  a  source  of 
petroleum  is  evidenced  by  the  soil  being  saturated  with  bitumen.  The 
earthy  matter  in  samples  forwarded  to  Mr.  Mallet  varied  from  35  to  SO 
per  cent.     The  mass  appears  to  be  of  limited  extent. 

Chapatoli. — On  the  western  side  of  the  Tipam,  near  the  above- 
named  locality,  several  *  pungs  *  are  indicated  on  the  Revenue  Survey 
maps.  Mr,  Mallet  considers  it  probable  that  some  of  these  may  yield 
petroleum. 

Jaipue,  &c.,  Lat.  27M2'S0';  Long.  95''27'  30'.— Oose  to  tlte 
Hukanjuri  path,  about  two  miles  from  Jaipur,  petroleum  exudes  from  th© 
banks  of  a  stream  below  the  nine  feet  seam  of  coal.  Other  springs  in  this 
neighbourhood  were  mentioned  by  Colonel  Hannay,*  At  Nahor  Pung, 
which  is  a  quarter  of  a  mile  distant,  Mr.  Goodenough,  whose  opera- 
tions at  Makum  have  been  above  described,  commenced  systematic  opera- 
tions in  November  1866,  In  addition  to  several  hand-borings,  a  Mather 
and  Platts*  steam  boring  machine  was  worked  here  and  a  hole  carried 
down  to  1 95  feet,  but  although  the  presence  of  gas  was  proved  no  sno 
cessful  result  ensued.  Half  a  mile  further  to  the  eastward,  petroleum 
issues  from  the  sub- Himalayan  sandstones. 

DiSANO  River,  Lat.  27'*  8' ;  Long.  95*  26'.— There  are  at  least  two 
springs  in  a  stream  half  a  mile  north  of  the  Dis&ng.  Captain  Jenkins' 
mentions  that  close  to  the  second  coal  outcrop  in  the  neighbourhood  of 
the  Disang,  there  are  several  small  springs  of  petroleum  from  which  the 
oil  floweil  into  the  watercoui-se,  and  four  or  five  seers  weight  were  col- 
lecl*'d  ill  u  few  moments  by  Captain  Jenkins's  servants, 

Teok  RiVEB,  Lat.  %V  ;  Long.  96**  15'.— On  the  bank  of  the  Teok 
river,  near  the  faulted  junction  between  the  sub-Himalayau  sandstones 

'  Jour,  A».  Soc.,  Bt-ngnl.  Vol.  W\,  p.  169. 
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Bod  the  Disang  group,  there  ig  a  spot  where  the  former  are  impregnated 
with  petroleum.  The  coal-measures  are  believed  by  Mr.  Mallet  to  be  not 
far  beneath  the  surface  here. 

Sa?frai  RiVRii,  Lat,  26"  50';  Long.  94*  67'.— On  the  banks  of 
the  Saffrai,  and  in  another  locality  not  far  from  his  coal  quarry,  Mr.  Bnico 
has  stated  that  oil  springs  exist, 

TiRUGAON,  Lat  26*  49'  ;  Long.  94*  5G'. — Three  or  four  miles  eonth 
of  Tirugaon  petroleum  exudes  in  small  quantity  from  the  snb-Himalayao 
sandstones. 

TiRTi  RivKB,  Lat.  26.^47';  Long.  94''64'»— At  the  head  of  the  Tiru 
Mr.  Mallet  found  petroleum  oozing  from  the  coal  rocks  in  four  or  five 
places.  Where  it  is  most  plentiful  it  issues  from  a  massive  sandstone 
which  dips  80**  to  west  40**  north.  There  is  another  spring  in  the  same 
band  of  rock,  about  1 00  yards  distant. 

Tel-puno  on  the  Dikhu  River,  Lat.  26' 44';  Long.  94®  52'. — At 
this  locality,  according  to  Mr.  Mallet,  an  inverted  bed  of  sandstone^ 
similar  to  the  last,  contains  inspissated  petroleum  or  asphalt  in  cracks;  in 
places  the  rock  itself  is  impregnated  with  the  same. 

In  certain  spots  in  the  adjacent  river  globules  of  petroleum  rise  to 
the  surface  at  frequent  intervals^  together  with  streams  of  bubbles  of 
marsh  gas. 

Petroleum  and  gas  issue  also  from  some  pyritous  and  carbonaceons 
shales  which  overlie  the  sandstone ;  the  total  thickness  of  the  rocks  from 
which  they  are  given  off  is  more  than  100  yards. 

Hii.  Jan  stream,  Lat.  26  °43' ;  Long.  94°  5V.— Petroleum  slowly 
exudes  from  between  the  cracks  in  the  coal  of  the  2  feet  11  inches  seam 
in  this  stream. 

DisAi  Valley.— Lat.  26**  30';  Long.  94"  25'.— Two  or  three  hun- 
dred yards  lower  down  than  the  1  foot  4  inches  seam  in  the  Disai,  petro- 
leum rises  from  the  bed  of  the  stream  in  small  quantity. 

Cachax> — Opposite  a  place  called  Siltec,  according  to  Mr.  Jones,  ^  a 
stream  which  runs  into  the  Tippera  hills  showed  signs  of  petroleum  ia 
the  sandstones  2  miles  from  its  mouth.  Siltec  is  in  all  proliability  identi- 
cal with  a  well-known  customs  chowki  called  Sialtekh  on  the  Barak  river. 

Mr.  H.  Inglis,*  about  the  year  1841,  communicated  to  the  Coal  Com- 
mittee  the  fact  of  the  existence  of  petroleum  springs  in  Cachar. 

In  a  letter  to  the  Superintendent  of  the  Geological  Survey  in  the 
year  1861,  Captain  R.  Stewart  stated  that  rock  oil  had  been  discovered 
in  some  hills  to  the  north  of  Cachar,  but  the  actual  locality  was  not 


'  GIraninga  in  Scionoc,  Vol.  I,  p.  283, 
'  CnI.  Jour.,  Nat.  Hut.,  Vol.  1.  p.  6€a« 
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indicated.  In  Dr.  Hunter's  statistical  account  of  Assam*  it  is  stat^ 
that  petroleum  has  been  discovered  on  the  banks  of  the  Bariik  and 
Sarang  rivers,  but  no  further  information  is  g-iven,  nor  are  there  any 
fuller  accounts  of  Cachar  petroleum  available  at  present. 

Burma. — Whether  it  be  true  or  not,  as  has  been  stated,  that  the 
exploitation  of  the  rock  oils  of  Upper  Burma  has  been  gxiing  on  for 
^,000  years,  it  is  certain  that  for  a  considerable  period  there  has  been  an 
■unfailing  supply  from  this  source.  Of  late  years  increased  facilities  for 
transport  and  an  increased  demand  have  called  for  a  proportionately 
increased  outtnm,  and  as  the  source  of  supply  cannot  be  inexhaustible, 
the  time  must  come,  thonjjh  it  may  yet  be  distant,  when  the  yield  haWng 
reached  its  maximum  will  rapidly  fall  again  till  it  ultimately  dvviudles 
to  nothing".  As  compared  with  Upper  or  Native  Burma,  to  which 
the  above  remarks  refer,  the  discoveiy,  and  still  more  the  working,  of 
oil  springs  in  British  Burma,  except  on  the  very  smallest  scale,  is  but  in 
its  infancy.  It  is  probable,  however,  that  in  the  islands  off  the.  coast  of 
Arakan  the  natives  have  collected  oil  to  a  limited  extent  for  their  own 
purposes  for  a  long  period,  but  never  for  export. 

It  has  been  asserted  that  the  oil  of  Upper  Burma,  commonly  called 
Bangoon  oil,  differs  essentially  in  character  from  that  of  British  Burma, 
Assam,  and  the  Punjab ;  until  comparative  chemical  examination  haa 
proved  such  to  be  the  case  it  would  be  unsafe  to  accept  this  view.  The 
real  cause  of  the  apparcut  difference  is  believed  to  be  largely  due  to  the 
oxidation  and  inspissation  to  which  the  former  is  subjected  during  its 
long  journey  in  earthen  pots  and  sometimes  in  bulk  in  open  boats. 
When  first  collected  it  would  appear  that  it  often  resembles  the  clearest 
and  most  limpid  oils  of  the  other  localities.  Some  authors  state,  how> 
ever,  tluit  it  has  a  creamy  consistency*  Naphtha  contains  no  oxygen, 
while  asphalt  may  include  as  much  as  ten  per  cent. 

In  the  following  pages  an  abstract  is  given  of  all  that  is  known 
regarding  the  occurrence  of  petroleum  in  the  Arakan  and  Pegu  Divisions 
of  British  Burma  and  in  Upper  Burma. 

The  firat  shipment  from  Burma  waa  made  in  the  year  1S68,  and  in 
1865  a  Rangoon  firm  had  a  European  agent  at  Yenan-gyoung  in  Upper 
•Burma,  since  which  time  the  export  trade  has  much  increxised. 

Arakan  Division. — ^The  existence  of  naphtha  and  iictrolcum  in 
Arakan  appears  to  have  been  first  brought  to  notice  by  Mr.  Bogle,  the 
Commissioner,  who  in  184P  rept>rted  to  the  Coal  and  Mineral  Committee 
the  fact  that  there  were  several  springe  at  Paidong,  about  5  or  6  miles 

•  Vol,  II,  p.  »70. 

*  Ul  Jour..  Nat.  Ubt..  Vol.  I.  p.  662, 
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from  Ramri.  Wells  hatl  already  tben  been  made  at  three  localities  to 
depths  of  from  eight  to  ten  fathoms,  and  the  yield  in  three  months  was 
about  10  or  12  maunds  of  naphtha  (so  called).  About  the  same  time  Cap- 
tain Halstead    described  the  method  of  collecting  oil  practised  by  tho 

.  natives  at  Cheduba,  which  he  states  was  only  for  local  use.  In  the  col- 
lecting poi^ls,  which  had  artificially  raise<l  banks,  a  green  fluid  oil  first 
spread  itself  over  the  spot  where  the  gas  bubbled  up.  As  it  extended, 
its  e<lges  cxhil»lted  a  brown  curdled  substance  resembling  "drippinj^s,"  and 
a  darker  brown  substance,  resembling  molasses,  collected  in  patches  in 
this.  The  two  latter  substauoes  were  used  for  preserving  wo(k1,  satur- 
ating paper  for  umbrellas,  and  sometimes  for  burning.  The  curdled  sub- 
etanoe  was  sold  at  the  rate  of  five  pots  for  a  rupee ;  the  other  at  three 
pots  for  two  rupees.  Captain  Halstead  points  out  that  the  outtuiii  was 
capable  of  being  largely  increased. 

In  the  year  1878  the  islands  of  Ramri,  Cheduba,  and  Baronga 
were  visited  by  Mr.  Mallet,'  who  has  published  a  very  full  account  of 
the  petroleum  springs.  From  his  paper  the  following  information  and 
the  accompanying  tables  are  extracted.  The  rocks  which  are  oil-produc- 
ing, as  well  as  oil-bearing,  in  Ramri  and  Chedul)a  islands,  are  lignitifcrous 
iandstones,  which  are  believed  to  be  of  the  same  age  as  those  which  con- 
tain petroleum  in  Upper  Burma.  In  the  Baronga  islands  Mr.  Mallet 
states  that,  though  the  oil  is  the  same  in  character,  there  is  a  marked 
difference  in  the  rocks,  as  they  include  neither  calcareous  nor  carbona- 
ceous constituents  j  but  he  considers  thut  rocks  of  the  same  character 
as  those  of  Ramri  may  exist  under  the  sea  and  contain  the  original 
source  of  the  oil.  The  practice  of  digging  wells  has  been  carried  on  for 
many  years  by  the  inhabitants.     After  the  harvest  in  January,  and  from 

'  tliat  time  till  the  rains  commence,  the  villagers  have  been  in  the  habit 
of  collecting  the  oil.  The  wells  are  of  two  kinds,  first  those  which  are 
connected  with  a  natural  reservoir  and  in  which  the  oil,  with  almndance 
of  gas,  rises  rapidly  :  secondly,  those  sunk  in  saturated  ro<k  from  which 
the  oil  slowly  trickles.  Mr.  Mallet  considers  it  possible  that  a  line  of 
borings  sank  at  right  angles  to  the  direction  of  the  mud  volcanos  at 
Tsi  Chang,  near  K^^ouk  Phyn,  might  strike  a  spouting  reservoir  of  great 
capacity,  as  the  not  unfrequent  fiery  eruptions  point  to  the  existence  of 
a  fissure  in  which  g^s  and  probably  oil  with  it  is  stored  up.  A  ridumi 
of  the  observations  by  Mr.  Mallet  is  contained  in  the  following  tables, 
but  by  those  specially  interested  reference  should  be  made  to  his  paper, 
which  is  illustrated  by  maps  of  the  localit}*. 


>  Jour*  At.  Soc.,  Bengal.  Vol.  X.  p.  86». 
«  Rccordi,   G.  S.  1..  VoL  XJ.  1878,  p.'SW. 
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The  importance  of  this  growing  industry  seems  to  justify  the  repro- 
duction in  this  volume  of  the  above  details^as  also  of  the  following  extract 
from  the  same  paper  : — 

"  The  wells  in  the  southern  part  of  the  Eastern  Baronga,  from  which 
Mr.  Savage  has  receutly  obtained  such  encouraging  results,  are  sunk  in 
gray  shale  which  splits  with  a  rather  smooth  fracture  having  a  slightly 
unctuous  feel.  The  bedding  is  very  nearly  vertical.  It  appears  from  the 
official  correspondence  on  the  subject  that  "  Mr.  Savage 'dug  two  wells 
about  500  feet  apart,  and  then  commenced  boring.  On  the  25th  of  Feb- 
ruary he  struck  oil  in  one  well  at  a  depth  of  66  feet ;  the  oil  at  once  rose 
in  the  well  ...  to  a  height  of  four  feet  ;*  it  kept  at  this  level  for  about 
seven  days,  and  in  that  time  yielded,  Mr.  Savage  thinks,  1,000  g^ons 
a  day ;  since  then  the  oil  has  remained  in  the  bore-hole  a  few  feet  below 
the  bottom  of  the  well,  and  120  gallons  or  more  a  day  can  be  dipped  out 
with  a  dipper.  A  great  deal  of  the  oil  escaped  from  the  weU  through 
fissures."  "  The  well  at  its  mouth  was  some  15  feet  in  diameter,  and 
had  been  dug  with  those  dimensions  to  a  depth  of  some  SO  feet.  Here 
boring  commenced,  and  had  been  carried  to  a  depth  of  36  feet  only,  when 
the  workmen  were  surprised  and  terrified  by  a  sudden  outburst  of  gas 
and  oil,  accompanied  by  loud  subterraneous  sounds  as  of  distant  thunder. 
They  had  only  time  to  make  their  escape  up  the  ladders  of  the  well 
before  the  oil  and  gas  poured  in  quantities  that  would  otherwise 
have  made  their  position  a  very  perilous  one."  "  Four  days  after  Mr. 
Savage  struck  oil  in  the  second  well  at  a  depth  of  68  feet  under  similar 
circumstances,  but  the  gas  appeared -stronger,  making  a  great  noise. 
About  150  gallons  a  day  can  be  dipped  out  of  this  well.  The  oil  is  clear 
and  liquid ;  large  quantities  of  gas  continually  escape  not  only  in  these 
wells,  but  in  all  other  wells  of  small  depth  which  are  in  the  locality." 

In  the  Administration  Report  of  British  Burma  for  1879-80  it 
is  stated  that  these  operations  were  being  carried  on  under  competent 
professional  management  and  with  the  best  machinery,  and  it  was  antici- 
pated that  an  important  staple  would  in  consequence  be  added  to  the 
productions  of  Arakan. 

A  company  has  recently  been  projected  to  work  the  wells  at  Menbain, 
in  Bamri.  Eight  wells  are  being  sunk,  and  it  is  estimated,  according 
to  the  prospectus,  that  these  will  yield  200  barrels  of  oil  per  diem.  The 
flashing  point  of  the  oil  in  its  crude  condition  is  143**.  It  is  proposed 
to  dispose  of  it  at  first  in  this  state,  the  question  of  refining  being  left 
for  future  determination. 

Pegu  Divison.— In  the  Pegu  division  of  British  Burma  petroleum 
is  known  to  exist  in  both  the  Promc  and  Thayctmyo  districts.     The 
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principal  eource  of  inform atioD  on  this  sabject  is  contained  in  Mr.  Theo- 
bald's memoir  on  the  Geology  of  Pegu. ' 

Prome  District:  Namayan,  bblow  Pbomb,  Lai.  18°  45';  liong. 
95^  18'.— Petroleum  has  been  reported  to  have  1>een  found  in  the 
hills  south-east  of  the  above-named  locality.  Mr.  Theobald  was  unable 
to  corroborate  the  report  after  a  visit,  but  thought  it  possible  that  petro- 
leum might  have  been  found  rising  up  through  the  younger  tertiary 
rocks  OQ  the  east  bank  of  the  Irawadi.  At  the  same  time  he  considers 
effoi-ts  to  discover  profitable  sources  of  petroleum  should  be  dire<.'ted 
rather  to  the  west  bank  of  the  river,  as  on  that  side  alone  do  nummulitio 
rocks  occur,  and  these,  it  is  believed,  contain  the  sources  of  oil  in 
ether  pftrts  of  Burma,  and,  us  has  already  been  stated,  probably  also  in 
the  majority  of  the  localities  in  Assam,  the  Punjab,  and  Afghauistan. 

Ybnan-dodno,  Lat.  IS"^;  Long.  9b°  12'. — At  this  locality,  which 
is  12  miles  south.went  of  Myanoimg,  a  shaft  was  sunk  and  the  existence 
of  i>etroleum  is  testified  to  by  Mr.  W.  T.  Blanford.  When  visited  by  Mr. 
Theobald  none  was  to  be  seen,  but  there  was  a  copious  evolution  of  marsh 
gas  from  some  cracks  in  the  soil  close  by.  The  word  Yenan  is  BurmeflO 
for  petroleum. 

TouNGBOJi,  Lat.  18'  50' ;  Long.  95"  8'. — ^This  locality  is  situated 
114  miles  due  west  of  Prome  pagoda  and  3  miles  from  a  village 
bearing  the  above  name,  on  a  stream  called  Malm-chowng,  which  falls 
into  the  Booyoo.  In  the  "  British  Burma  Gazetteer"  tht*  locality  is  stated 
to  be  included  in  the  Padoung  township.  It  is  within  the  area  occupied 
by  the  nnmmulitic  rocks. 

When  visited  by  Mr.  ITieobold  in  1871  *  only  one  out  of  four  shafts 
which  had  been  sunk  ha*l  been  successful.  This  had  yielded  2^  viw 
(nearly  1  gallon)  of  oil  a  day  at  the  depth  of  35  cubits  till  it  became  tilled 
with  water  by  the  rains  and  the  supply  ceased  ;  subsequently,  on  the  well 
being  emptied  and  rc-opened  the  flow  again  oommcncc<l.  The  specific 
gravity  of  tlie  oil  from  this  locality  is  stated  to  be  higher  than  that 
from  the  next  locality,  Padouk-beng,  they  being  respectively  '909  and 
•847. 

Thayetmyo  District :  Paoouk-beno,*  Lat.  19^  18'  Long.  95"  20'.— 
At  this  village,  which  lies  about  7  miles  in  a  straight  line  west  by 
north  of  Thayetmyo,  the  rocks  are  earthy  bluish  pandstonos  and  shales 
of  the  newer  tertiary  scries,  with  low  di|)e.      Several  shafts  were  sunk 


*  A  fall  ncoount  of  Mr.  'riicoltMlii'k  opinion   atid  ubvcrvfttions  ou  tliU  loc^Utj  will  b« 
touuA  in  tho  Imltan  Bcooomist,  V'nl.  Ill,  191. 
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and  a  small  quantity  of  oil  was  obtained  at  12  feet  from  the  surface, 
but  as  this  did  not  increase  on  their  being  deepened  the  work  wjis 
abandoned. 

Bhanbykko/  Lat.  19'  tV ;  Long.  95°  6'. — ^This  locality  is  situated 
on  the  Pwon  stream,  a  tributary  of  the  Irawadi,  and  at  a  distance 
by  road  of  16  miles  from  Tliayotmyo. 

The  main  shaft  here,  according  to  Mr,  Theobald,  is  situated  about 
a  mile  above  Bhanbyeng  in  a  most  precarious  position  on  the  bank  of  the 
stream,  whiuh  is  there  undercut.  Petroleum  fills  some  joints  and  cracks 
just  above  the  shaft.  A  small  sketch  of  the  relations  of  the  rocks  shows 
that  it  was  sunk  on  the  flank  of  an  anticlinal. 

According  to  the  '*  Gazetteer  of  Burma,"  the  oil  from  this  locality  wa« 
clear,  unlike  both  that  of  Upper  Burma  and  of  Padouk-beng.  The 
BU])ply  appears  to  have  been  small.  Successive  reports  on  the  admin- 
istration of  British  Burma  give  rather  conflicting  accounts  as  to  the 
amount  of  success  obtained  by  those  firms  who  prospected  for  oil  in 
Tliayetmyo.  It  is  believed  that  nothing  is  being  done  in  the  way  of 
exploitation  either  there  or  in  Prome  at  present. 

Upper  Burma. — The  earlier  accounts  appear  to  refer  to  only  one 
neigh l>ourhood,  that  of  Yenan-gyoung,  as  yielding  petroleum.  Two  groups 
of  wells,  at  a  distance  of  about  two  miles  apart,  are  indeed  spoken  of ;  but 
it  is  only  in  more  recent  accounts  that  mention  of  a  second  locality, 
Pagan,  is  made.  If  it  was  then  worked  it  does  not  appear  to  have  been 
known  even  in  the  time  of  Colonel  Phayre's  mission  to  Ava,  as  Colonel 
Yule  expressly  mentions  that  the  party  could  hear  of  no  other  wells  than 
those  described  by  himself  and  Dr.  Oldham.  He  alludes,  however,  to 
a  statement  by  Mr.  Crawford  that  the  wells  extended  over  an  aiea  of 
16  miles. 

The  name  Yenan-gyoung  is  written  as  it  is  spelt  by  Colonel  Yule,  but 
there  is  little  uniformity  in  the  orthography  adopted  by  different  authors. 
In  Dr.  Balfour's  Cyclopa>dia,  under  the  head  of  Petroleum,  descriptions  are 
quoted  of  the  wells  at  lUnangoong,  Rai-nan-ghong,  Yenan-gyoung  and 
Yuynan-young,  and  no  reader,  in  so  far  as  the  context  is  concerned,  would 
conclude  otherwise  than  that  these  were  four  distinct  localities.  They  are, 
however^  all  one  and  the  same.  As  already  stated,  Y^aan  is  Burmese  for 
pctmleum. 

YENAX-atouNG,  Lat.  20**  18';  Long.  96* — The  following  account 
is  chiefly  compiled  from  Dr,  Oldham^s  report,  printed  in  Colonel  Yulo's 
*  Mission   to  Ava'  in  1855,^  and  Colonel  Yule's  own  rcnmrka  on  the 

'  Or  Bjinl'yin  iir  I'on.pjciig  of  map,  kc,  »tc. 

•  Loiidou    fraittli  txud  Eldur,  l^b,  i>p.  19  aud  316. 
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subject  in  the  same  volume.  TIjo  wells  arc  i<iti»rttcHl  uu  n  plat-ean  surroandetl 
hy  ravines  at  a  distance  of  about  3j^  miles  from  the  town  of  Yenau-f^young. 
They  are  said  by  Dr.  Oldham  to  be  distributed  in  two  principal  groups  at 
two  miles  distance  from  one  another.  Colonel  Yule  states  that  each 
of  these  occupies  an  area  of  about  half  a  square  mile.  He  alludes  to  Mr. 
Crawford's  statement  that  they  cover  an  area  of  16  square  milea  as 
being  unintelligible,  since  repeateil  enquiry  failed  to  elicit  information  as 
to  the  existence  of  others.  It  is  considered  that  the  oil  is  derived  from 
a  stratum  containing  lignite  with  a  large  proportion  of  sulphur  ;  in  one 
of  the  ravines  an  outcrop  of  a  bed  of  this  character  was  seen  from  which 
oil  was  oozing.  No  absolute  section  of  any  of  the  wells  could  be  ob- 
tained, as  owing  to  the  loose  and  friable  character  of  the  ground  the  wells 
were  timbered  from  top  to  bottom.  According  to  the  natives,  after  passing 
through  the  sandstones  and  shales  which  are  visible  at  the  surface  they 
sink  through  a  black  rock  about  10  feet  thick,  under  which  is  a  yellow  bed 
from  which  the  |>etroleum  issues,  and  the  colour  of  which  is  probably  due 
to  sulphur.  It  is  believed  that  these  rocks  belong  to  the  tertiary  forma^ 
tion,  and  it  is  probable  that  they  are  of  nnmmulitic  age.  The  wells  are 
about  4  feet  6  inches  square  and  descend  vertically  from  the  top  of 
the  plateau  to  depths  of  from  250  to  JJ30  feet,  and  on  the  slope  from  lit) 
to  ISO  feet,  which  would  make  them  from  lUU  to  2i)0  feet  below  the  level 
of  the  watercourse  at  its  base.  Over  each  well  there  is  a  rude  cross-bar 
and  drum  by  which  an  earthen  ghara  is  lowered  and  drawn  up  again 
by  a  man  who  walks  down  an  inclined  plane  with  the  rope  to  which  it  is 
attached.  The  oil  thus  i-aised  is  poured  into  another  ghara  containing 
about  10  viss  (=  36^  lbs.);  10  or  \%  of  these  ghara*  make  up  a  cart- 
load. The  oil  is  raised  only  in  the  morning,  and  the  quantity  which  each 
well  m  known  by  experience  to  yield,  on  tlie  average,  having  been  raised, 
work  ceases  and  the  well  is  allowed  to  rest  and  the  oil  to  accummulate 
for  24  hours.  The  jietroleum  when  first  extracted  has  in  mass  a  i>eculiar 
yellowish-green  colour,  is  watery  in  appearance  rather  than  oily,  and  has  the 
consistency  of  cream.  Some  of  the  wells  yield  400  visis  ;  others  only  60 
or  lees.  The  headman  of  the  village  said  there  were  200  wells ;  others  only 
100.  The  estimated  average  yield  was  180  viss.  Taking  these  figures 
(200x1  SO)  and  counting  for  300  working  days,  the  total  produce 
would  l>e  10,800,000  viss.  Deducting  one-twentieth  for  breakage,  loss, 
&c.,  the  net  available  produce  is  placed  at  10,200,000  viss  j  but  by  another 
method,  founded  on  the  number  of  cart-loads  carried  from  the  wells, 
4,600,000  visa  is  the  sum  arrived  at.  Colonel  Yule  states,  from  inform- 
ation received  by  the  Envoy,  that  there  were  80  wells  in  the  northern 
group!  with  a  daily  average  of  220  viss^  which  would  bo  cm^uoI  to  au 
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annual  production  of  6,J-24,«00  vise.  The  60  wells  of  the  souUipm 
gronp  yield  on  the  averag-e  40  vies  daily,  which  would  l)e  equal  to 
730,000  viss  annually,  making  in  ail  7,164,000.  This  was  about  the 
amount  stated  Ly  the  Myok,  who  was  a  man  of  intelligence  and  had  from 
his  position  the  means  of  knowing. 

The  cost  of  digging  a  well  150  cubits  deep  (say  280  feet)  is  1,500  to 
2,000  tickalfl  (or  eny  Rs.  1,S75  to  Rs.  2,500).  Tlie  work  is  one  of  con- 
siderable danger,  and  the  miners  arc  often  rendered  senseless  by  the 
exhalations,  although  when  in  the  petroleum-yielding  stratum  they  only 
remain  down  for  a  few  seconds.  If  a  man^s  tongue  hangs  out  when  he  is 
drawn  to  the  surface  his  case  is  hopeless,  otherwise  by  shampooing  he  is 
brought  round. 

It  is  no  doubt  as  the  result  of  expenence  that  the  Burmese  do  not 
allow  a  well  to  be  made  within  a  distance  of  30  cubits  (say  50  feet)  from 
one  alreatly  existing.  From  this  it  may  be  concluded  that  the  wells  are 
capable  of  drawing  from  the  surrounding  strata  through  an  area  from 
the  centre  of  the  well,  whicli  has  a  radius  oi"  about  25  feet,  Mr.  Lyman, 
acting  on  American  experience,  recommended,  in  the  case  of  the  Pimjab 
wells,  that  a  distance  of  at  least  50  feet  should  intervene  between  welb. 

In  a  report,  by  Captain  Strover,  published  in  the  "  Gazette  cf  India," 
we  have  perhaps  the  most  recent  authentic  account  of  the  condition  of 
the  industry. 

In  1873  there  were  150  wells  at  Ycnan-gyoung,  which  yielded  15,000 
viss  daily,  of  which  10,000  are  taken  by  the  contractor  for  British 
Burma  and  6,000  by  the  contractor  for  Upper  Bnnna.  The  total 
annual  yield  is  6^000,000  viss  or  9,375  tons.  There  are  many  abandoned 
wells  and  wells  that  yield  very  small  quantities. 

ITiere  are  also  60  wells  at  Pagan,  which  yield  1,500  viss.  The  oil 
there  is  in  a  more  liquid  stat*  and  more  suited  for  burning  than  that  at 
Yenan-gyoung,  The  total  annual  outturn  in  Upper  Burma  was,  thorefore, 
in  lb73,  6,600,000  viss,  or  10,312^  tons. 

In  a  paper  by  Dr.  H,  Friedlander  on  '  The  country  of  the  earth-oil  in 
Upper  Burma,'  which  was  printed  in  Rango<jn  in  187  I-,  the  figures  given, 
80  far  as  they  go,  are  somewhat  dififcrent.  At  Pagan  there  are,  according 
to  him,  70  wells,  mostly  new  and  with  depths  of  from  60  to  80  feet.  The 
average  temperature  of  the  oil  was  27^  C  (=S(r6  F.)  and  the  sp.g. 
0*810.  It  was  much  mixed  with  water  and  smelt  strongly  of  naphtlia. 
At  Ycnan-gjoung  the  number  of  wells  is  said  to  be  450,  and  the  depth 
averages  from  180  to  210  feet.  The  average  temperature  of  the  oil  wns 
30^  C  (=Sa"  F.)  and  the  sp.g.  was  0-863.  The  difference  in  the 
depths  of  the  wells  is  attributed  parti}*  to  the  fact  Uiat  those  at  Pagan 
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are  in  a  ravine,  while  tbe  others  arc  on  a  platcan ;  and  pai-tly  also  to  the 
foct  that  Pagan  is  on  the  margin  of  the  basin,  while  the  others  are  nearer 
the  centre. 

Dr.  Friedlander  mentions  that  an  oleiduct  was  then  in  course  of  con- 
struction at  Yenan-gyoung  ;  it  is  constructed  of  bamboos  with  the  inside 
lacquered,  which  are  supported  on  stages  and  run  from  the  wells  to  the 
river  bank,  a  great  loss  of  oil  by  evaporation  being  inevitable ;  but  the 
system  is  a  great  improvement  on  the  old  one  of  carrying  the  oil  in 
earthen  gharat  on  a  cart. 

It  may  be  of  use  to  place  here  side  by  side  the  most  important  esti- 
mates as  to  yield,  at  the  same  time  pointing  out  that  some  of  the  earlier 
ones  are  certain  to  be  exaggerations,  there  being  reason  for  believing 
that  with  the  increased  demand  the  jicld  also  has  increased.  At  the  same 
time  the  largest  estimate,  that  by  Captain  Cox,  was  arrived  at,  apparently, 
with  considerable  care.  He  states  that  there  were  520  wells  registered  by 
Government;  that  he  was  told  the  average  daily  yield  was  500  viss ;  but 
deducting  for  holidays,  &c.,  he  comes  to  the  conclusion  that  800  viss  was 
a  &ir  daily  average.  Probably  the  Government  register  included  a  large 
proportion  of  exhausted  wells. 

EitimaUs  of  the  yield  from  the  Petroleum  Wells  of  Upper  Burma. 
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Tbo  trade  in  ibis  oilis  at  present  in  the  hands  of  Moolk  Ibrahim, 
a  native  of  India.  Owing  to  complications  in  the  political  relations 
which  arose  in  the  year  1879,  all  his  stock,  or  the  greater  part  of  it,  was 
sent  into  British  temtory.  It  has  recently  been  stated  in  the  news- 
papers that  owing  to  competition  cansod  by  large  importations  of 
American  kerosene,  &c.,  into  Burma,  this  man  has  applied  for  and  been 
granted  by  the  King  a  reduction  of  50  per  cent,  in  the  royalty  of 
Rs,  60,000,  which  he  previously  had  to  pay. 

In  the  published  returns  of  articles  which  crossed  the  fmntier  be- 
fore 1878-79  the  petroleum  is  not  distinguished  from  vegetable  oils. 
In  nine  months  of  1855,  6,G79,140  lbs.  of  oil  paid  duty  at  Thayet- 
myo,  according  to  Colonel  Yule.  In  1 878-79,  67,525  maunds  of  the  value 
of  Rs.  3fl5,0y0,  and  in  1879-80,  108,519  maunds  and  84  seers  valued  at 
Rs.  6,14,538  and  8  annas,  were  imported  from  TIpi>er  into  British  Burma. 
These  figures  do  not  represent  the  outturn,  as  a  large  quantity  of  oil 
is  consumed  in  the  country  and  exjwrted  eastwards.  According  to 
Major  Strover,  the  contractor  for  British  Burma  at  Ycnan-gyoung 
gets  1 0,000  out  of  the  daily  yield  of  15,000  viss,  and  the  conti-actor  for 
Native  Burma  the  remaining  5,000.  This  does  not  refer  to  the  out- 
turn at  Pagan,  where  the  daily  yield  is  about  1,500  viss.  The  chemical 
composition  and  properties  of  the  so-called  Rangoon  oil,  which  though 
coming  from  Upper  Burma  acquires  the  name  of  the  port  from  which  it 
is  shipped,  has  attracted  the  notice  of  several  chemists  in  Europe  and 
Ameiica,  and  before  closing  this  account  it  will  be  well  to  give  here  a 
rhnmi  from  the  pul»Hehcd  accounts  of  their  researches. 

In  order  of  priority  the  first  paper  is  by  Dr.  Christison  of  Edinburgh, 
wbieh  is  dat^  1831.'  He  found  it  impossible  to  analyse  it  by  means 
of  ordinary  chemical  re-agents,  and  so  had  recourse  to  distillation  j  the 
first  product,  when  six  ounces  of  petroleum  were  gently  heated,  was  one 
ounce  of  straw-coloured  naphtha,  afterwards  other  products  went  over, 
and  finally  a  substance  resembling  laixl  with  a  crystalline  structure  was 
obtained,  for  which  the  name  petroline  was  proposed.  Already,  however, 
in  1 830,  Dr.  Reichenbach  had  isolated  a  substance  from  tar,  to  which  he 
gave  the  name  paratfine.  It  was  not  long,  however,  before  the  propertien 
of  those  substances  were  found  to  be  so  nearly  identical  that  the  uanjo 
paraHine  was  universally  adojtted. 

In  the  year  1834  Dr.  Gregory*  read  a  paper  detailing  the  resulte  of 
his  analyses  of  Rangoon  oils,  which  he  summarised  as  follows  :— 


I  Royal  Society's  TmnMctton*.  Edinb..  Vol.  XITT,  1684,  \k\\%, 

'  Op,  cit,  p.  184«  abitroctcd  in  Jour.,  A»,  Soc,  Beuga),  Vol.  IV,  p.  SS8. 
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lit.':— There  are  eorae  kimU  nf  iia|)htba  which  contain  parnniine  aiid 
cupione,  and  are  conBequeutly  the  result  of  destructive  distillation. 

*2ttd. — The  naphtha  examined  by  Dr,  Reichenhaeh,  which  was  oil 
of  turpentine,  if  genuine,  difTcrs  nintcrially  from  that  of  Rangoon  ami  of 
Persia,  as  well  as  that  sold  now  iu  Paris,  which  are  decidedly  not  oil  of 
tnqtentine. 

3rd. — ^The  fact  of  the  oil  of  turpentine  having  been  obtained  by 
distilliDg  brown  coal  at  1112°  proves  that  it  bad  not  previously  l»een 
cxpowd  to  a  heat  sufficient  to  expel  its  oil  of  tur|>entine,  and  d  fortiori 
that  it  had  never  been  subjected  to  destmctive  distillation. 

It  would  appear  that  Dr.  Gregory  did  not  realise  what  is  now  known 
to  be  the  ca^^e  that  a  slow  natural  distillation,  if  extended  over  long 
periods  of  time,  is  capable  of  prirxlucing  results  similar  to  those  from 
quick  artificial  distillation.  He  pointed  out  how  invaluable  the  eupiono 
and  paraffine  would  prove  for  lighting  purposes  if  they  could  be  economi- 
cally extracted  locally  in  Burma  from  the  j)efroleum. 

In  the  year  1856  Messrs.  Warren  De  la  Rue,  Ph.D.  P.R.S.,and  Hugo 
Muller,  Pb.  D.,  made  an  impf»rtant  contribution  to  the  literature  of  this 
subject.'  Although  several  tons  of  petroleum  were  obtained  for  tlio 
purpose  of  the  investigation,  it  was  found  that  even  this  largo  quantity 
was  insufficient  for  the  complete  examination  of  several  constitnentc, 
which  were  proved  to  exist  in  minute  quantities ;  some  of  these  were 
organic  liases.  It  was  found  that  96  |>er  cent,  of  the  constituents,  fluid 
and  solid,  are  volatile.  The  latt4?r  or  paraffine  amounts  to  from  10  to  11 
jKjr  cent.,  but  it  was  found  to  retain  a  portion  of  the  fluid  hydrocarbons 
with  much  obstinacy.  This  paraffine  was  found  to  >)e  separable  into  two 
portions  with  different  properties  but  apparently  the  same  composition. 

By  means  of  fractional  disttHations  separation  of  the  liquid  constitu- 
ents was  effected,  but  no  abBolntely  constant  boiling  points  could  be  ob- 
tained. It  was  ascertained  that  the  naphtha  contained  the  following  hy- 
drocarbons :  Benzol,  Cij  H^  ;  Toluol,  C,^  H^  ;  Xyol,  C^^  Hj^ ;  Cumol,  Cjg 
Hjj.  It  would  be  scarcely  appropriate  in  this  volume  to  give  further  de- 
tails of  these  researches ;  it  will  be  sufficient  perhaps  to  indicate  briefly  the 
results  of  the  latest  enquiries  of  this  nature.  Those  are  by  Messrs.  C.  M. 
Warren  and  F.  H.  Strover;  the  paper  is  dated  1865.*  The  results  were 
obtained  by  the  application  of  a  new  process  of  separating  the  volatile 
hydrocarbons  by  fractional  condensation.  Seven  isolated  pure  s\d>stance8 
were  obtained   between   temperatures  of  17')'^  and  250'';  but  below  176* 


»  Procdga.,  Rojal  Society,  Vol.  \^II,  186B.  p.  221. 
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the  quantities  of  liquid  had  become  so  small  that  no  definite  results 
could  be  obtained. 

The  final  result  was  that  Burma  naphtha  contains — 

Eutylene       =»  C«,  H^  boiHng  point  at        ...        .  176** 

Margarylene  «=  Cj,  Hjj      „          „„....  195" 

Lauiylene     =  C34  H34       „          „„....  21'5*' 

Cocmylene     ^C^K^      „          „      »        .        .        .        •  236' 
Naphthalin    =  C90  Hg 

also,  probably,  Felargone  =  C^g  H|g»  boiling  at  about  155",  and  indica- 
tions o£  others. 

The  importance  of  such  researches  cannot  be  overrated  even  from 
the  economic  point  of  view,  as  they  tend  directly  towards  discoveries  of 
possibly  enormons  value  commercially. 

In  the  year  1866  Dr.  Waldie^  reported  on  specimens  of  candles  and 
earrings  from  Burma  which  proved  to  be  made  of  paraffine.  He  notices 
that  these  petroleums  resemble  the  products  obtained  from  coal  and 
bituminous  shales  by  slow  distillation  as  contrasted  with  the  tar  and 
gas  which  result  from  quick  distillation. 

The  extraction  of  paraffine  by  artificial  means  involves  somewhat  com*' 
plicated  chemical  and  mechanical  manipulation ;  but  it  would  seem  that 
naturally,  under  the  influence  of  heat,  atmospheric  action  and  water, 
together  with,  probably,  the  agency  of  some  of  the  constituents  of  the 
soil,  the  same  substance  is  produced.  Specimens  of  this  natural  paraffine 
which  had  been  found  on  the  surface  in  Bnrma  had  been  examined  by 
Dr.  Waldie,  proving  how  really  potent  feeble  chemical  agencies  are  if 
only  extended  over  long  periods  of  timtf.  It  is  possible  that  to  some 
such  action  still  further  extended  the  diamond  owes  its  origin. 

>  Jour.,  Ab.  Soc.,  Bengal.,  1866,  pp.  18,  78. 
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CHAPTER  in. 

SULPHUB-MOLYBDENtTM-AESENIC-BISMUTH-ANTIMONY-PLATINUM- 

MEECtTRY. 

BXTLPmru—  General  rrawrka — Madru— Boinbfiy— Balochistan— Afghnniit tan  —  Punjab— 
Kuhmir — North>West  ProTinces — Nepal— Upper  Banna — Barren  Island.  MotTBD*- 
VT71C— General  remarks.  Absxkio— General  remarks— North- West  Provincea— Upper 
Burma.  Bisxitth — General  remarks — Bengal— Pan  jab — Nepal- Bnrma.  Akti* 
MOinr— General  remarks— Madras — Hyderabad — Bengal — Rajpotana — Balochistan — 
Afghanistan — Eashmir^Panjab — Bnrma.  PtiTiirTTM- General  remarks — Madras- 
Bombay — Punjab— Assam— Barma.  Mbboitbt — General  remarks — Madras— Afghan* 
istan — Andaman  Islands — Aden. 

StQphur.— (General  Remarks.— In  India,  as  in  other  parts  of  the 
world,  the  principal  natural  sources  of  sulphur  are,  firstly,  deposits  formed 
in  connection  with  hot  springs  j  and,  secondly,  deposits  which  owe  their 
ori^  to  active  or  extinct  volcanoes. 

As  a  general  rule  the  deposits  formed  by  hot  springs,  active  or  extinct, 
whieh  contain  sulphur,  consist  principally  of  gjrpsum.  In  the  former 
case,  since  the  reaction  by  which  the  sulphur  is  released  is  in  progress  a 
continuous,  though  possibly  small,  addition  to  the  deposit  is  going  on,  and 
thus  sufficient  for  a  limited  local  consumption  may  annually  be  produced. 
Where,  however,  the  thermal  spring  has  become  extinct,  the  deposit  has 
reached  its  maximum,  and  in  most  cases  on  being  worked  speedily 
becomes  exhausted.  The  same  remarks  apply  too,  but  on  a  generally 
larger  scale>  to  the  deposits  formed  by  active  or  extinct  volcanoes  respect- 
ively. 

Sulphur,  whether  its  origin  be  connected  with  thermal  springy  or 
volcanoes,  may  occur  either  in  the  massive  or  crystalline  condition.  In 
the  latter  case  the  crystals  are  acute  octohedrons  or  secondaries  to  that 
form  and  belong  to  the  trimetric  system. 

In  combination  with  several  metals  sulphur  forms  sulphides  or 
sulphnrets,  the  principal  of  the  ores  so  formed  being  pyrite  (iron  sul- 
phide); pyrrhotite  (magnetic  iron  sulphide);  galena  (lead  sulphide);  chal- 
copyrite  (iron  and  copper  sulphide) ;  cinnabar  (mercury  sulphide);  ar- 
gentite  (silver  sulphide);  stibnite  (antimony  sulphide). 

On  a  small  scale,  under  the  influence  of  the  atmosphere  alone,  and 
not  necessarily  accompanied  by  or  giving  rise  to  hot  springs,  the  decom- 
position of  these  sulphides  sometimes  forms  deposits  of  sulphur  of 
greater  or  less  extent.     In  the  case  of  hot  springs  the  production  of 
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eulpluir  is  perhaps  o^cnerally  due  to  reaction  between  iron  sulphide  and 
carbonate  of  lime,  the  resulting  products  being  sulphur,  gj^i^sum,  and 
iron  oxide. 

By  artilicial  treatment  of  these  ores,  especially  pyrite  and  chalcopy- 
rite,  a  considerable  proportion  of  the  sulphur  and  all  or  nearly  all  the  buI- 
phiuio  acid  of  commerce  are  prepared. 

The  known  sulphur  deposits  of  India  are  not  of  great  importance, 
as  the  most  considerable  are  situated  in  remote  localities  which  are 
difficult  of  access.  Nearly  the  whole  supply  of  British  India,  therefore, 
is  iraportetl  from  foreign  countries.  The  details  of  the  trade  are  given 
in  Appendix  A. 

Madras :  Oodavari  District. — Sura-Sany-Yanam  {Sooree  Saneea* 
num  of  map.),  Lat.  16^29';  Long.  82'  9'  30V— In  the  vicinity  of  a 
village  of  the  alx>ve  name,  which  is  situated  between  two  of  the  mouths 
of  the  Godavari,  not  far  from  the  sea-coast.  Dr.  Heyne'  examined  a 
curious  deposit  of  sulphur,  the  result  apparently  of  the  decomposition 
of  sulphate  of  lime  or  gypsum,  of  which  traces  were  found  to  exist  in 
the  water ;  but  he  failed  to  detect  any  exlialation  of  sulphuretted  hydro- 
gen gas.  The  precise  locality  was  a  tidal  swamp  in  the  dried-up  margin 
of  which  the  sulphur  was  collected  where  it  occurred  in  small  heaps. 
No  information  exists  as  to  whether  the  sulphur  was  ever  collected  in 
suflScient  abundance  to  be  of  commercial  importance,  and  it  is  probable, 
therefore,  that  it  was  not. 

A  deposit  of  crystalline  sulphur,  recently  discovered  under  Paris,® 
owes  its  origin  to  a  similar  cause,  namely,  the  deoxidisatiou  of  the 
gypsum,  which  occurs  in  the  soil  there,  by  contact  with  organic  refuse. 

Bombay.— Ghizri  Bandar,  Lat.  24."  48  ;  Long.  67*' 8'.— On  the 
Ghizri  creek,  near  Karachi,  a  dei)osit  of  sulphur  was  discovered  in  tho 
year  1843  by  Captain  Preedy,'  the  Magistrate  and  Collector.  Al- 
though the  available  amount  of  sulphur  was  estimated  to  be  large,  a 
sample  which  was  forwarded  to  the  Asiatic  Society  only  weighed  20 
grains.  In  connection  with  the  sulphur  a  considerable  amount  of  salt- 
petre was  stated  to  be  present. 

Mr.  Piddington's  assay  of  the  sample  proved  that  it  consisted  o|  60 
per  cent,  of  sulphur.  Whether  bis  very  full  instructions  as  to  the 
manner  in  which  the  value  of  the  deposit  should  be  tested  were  carried  out 
does  not  appear.  As  nothing  more  has  been  heard  of  this  deposit  it  was 
probably  of  trifling  extent. 

'  Triwrt*.  LoiuloD,  1814.  p.  187. 
•  Niituro.  1881.  Vol.  28.  |>.  31*7. 
J  J  our.,  An.  S(ic.,  UiUi^Al,  Vul.  XII,  p.  (Ml. 
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Balochistan. — Sunnee  (Bagh). — At  Suimec,  a  distance  of  10  miles 
from  Baghj  iu  Cut<!hi,  there  is  a  considerable  sulphur  mine.  From  a 
description  by  Captain  Hutton,'  the  mining  appears  to  have  been 
carried  on  on  a  lar^e  scale;  but  in  1839  the  lessees  paid  only  Rs.  700 
for  the  right  to  mine. 

There  are  said  to  be  several  extensive  chambers  within  this  mine, 
to  which  access  is  obtained  by  adits.  Into  one  of  these  cbaml^ers  petro- 
leum slowly  drips  and  is  collected  in  a  well;  it  is  employed  to  mix  with 
the  refuse  of  the  sulphur  workings  by  which  an  inferior  quality  of 
material  is  made.  The  pure  sulphur  is  boiled  in  oil  in  order  to  prepare 
it  in  the  form  of  commercial  brimstone. 

K.indahar  used  to  be,  if  it  is  not  still,  chiefly  supplied  from  these 
mines ;  but  other  mines  in  Gurmsaeland  Balkh  contributed  to  the  amount 
annually  consumed.  The  price  ranged  according  to  eeaeou  from  about 
&i  to  8  annas  per  seer. 

Captain  Hutton  mentions  Sceree,  in  the  Mari  country,  as  being 
reported  to  be  another  source,  but  he  did  not  know  the  particulars.  Po«- 
sibly  it  may  be  identical  with  the  next-mentioned  locality,  though  it  is 
sot  in  the  Mari  country. 

Afghanifltan:  Soree  Pass,  Lat.  30'  12'  30';  Long.  70"  20'.— .In 
the  Suleiman  hills  to  the  west  of  Dera  Ohazi  Khan  sulphur  is  manu- 
factured by  the  natives  in  some  abundance.  The  exact  locality  is  near  a 
hot  spring  called  Pir  Zinda  in  the  Soree  Pass. 

Specimens  of  the  crude  ore  and  manufactured  sulphur  were  brought 
to  Dera  Ghazi  Khan.^  The  former  consisted  of  amorphous  gypsum 
with  strings  and  veins  of  sulphur  ruuninjE^  through  it.  The  tribes  called 
Kusronis  and  Bozdars  manufacture  the  sulphur  from  this  by  means  of  a 
timple  retort  formed  of  two  ^4am«,  one  being  placed  on  a  (ire  and  the 
other  inverted  upon  it  mouth  to  mouth  so  as  to  catch  the  fumes.  Tlio 
occurrence  of  this  sulphur  is  evidently  connected  with  the  i)resence  of  the 
Above-mentioned  hot  spring. 

Hazara. — Captain  Drummond,  inhis  account  of  the  mineral  resources 
of  Northern  Afghanistan,'  mentions  the  bare  fact  that  sulphur  is  obtained 
in  Uazara,  where  it  is  said  to  occur  in  vast  quantity. 

PuAJab :  Kohat  District.— GuNJULLY  Hills,  Lat.  sr  26'  SO**; 
Long.  71  48.' — Certain  pyritiferous  alum  shales,  of  probably  num- 
mulitic  iige,  form  the  southern  flanks  of  the  above-named  hills  in  the 
Kohat  district.    They  are  described  by  Mr.  Wynne,*  who  states  that 

«  Ol.  Jonr..  NiiL  H;«ty.,  VoL  VI.  1846,  p.  56k 
«  R*co«Li.  a,  8.  I„  VoL  VII,  p.  168. 
«  Jour.,  A».  8oc.,  Bongnl.  Vol  X,  1841,  pp.  02,  98. 
*  McMi.,  a,  8.  I.,  VoL  XI.  pp.  201.  2^3. 
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they  were  burrowed  into  formerly  in  the  search  for  sulphur,  of  which 
it  is  reported  that  1,000  tons  used  to  be  annually  manufactured. 

Although  on  the  particular  spot  where  the  pits  are  situated  the  best 
part  of  the  deposit  may  have  been  exhausted,  it  is  considered  by  the 
same  authority  that  there  is  no  reason  for  doubting  its  extension  beneath 
the  neighbouring  debris. 

The  deposition  of  sulphur  is  evidently  still  in  prog^ress,  as  the  whole 
place  emits  sulphurous  fumes  and  native  sulphur  occurs  on  the  sides  of 
small  cracks  in  the  shales. 

Mr.  Wynne  expresses  astonisbment  at  these  deposits  not  being 
worked  at  present  for  the  gunpowder  factory  at  Lachi. 

LuNi-Ki-Kus8i,  Lat.  S8®  36'  SCj  Long.  72°  2'  SO."— The  sul- 
phur pits  at  this  locality  are  described  by  Mr.  B.  S.  Lyman,'  who 
states  that  they  are  on  the  west  side  of  the  Indus,  about  two  miles 
north-east  of  Churlu-ki-Mishuk  and  a  mile  south-west  of  DundL 

Sulphur  used  to  be  obtained  by  roasting  the  loose  earth.  The 
tradition  of  the  neighbourhood  points  to  there  having  been  a  large  sup- 
ply,  though  none  is  actually  exposed  on  the  surface.  Asphalt,  gypsum, 
and  salt  are  all  found  in  small  quantities  close  by. 

Nakband  oe  Kushalgarh,  Lat.  88"  28'  30';  Long.  71*  67'  80'.— 
This  locality,  situated  on  the  Lidus  between  Attock  and  Kalabagh,  and 
8  miles  from  the  mouth  of  the  Kohat  river,  is  described^  as  yielding 
sulphur  in  considerable  quantity,  works  having  been  set  up  there  by  the 
Maharaja  of  Kashmir. 

In  three  years  1,000  Lahori  maunds  of  sulphur  are  said  to  have  been 
extracted  here  for  the  manufacture  of  gunpowder  for  the  Sikh  army  and 
sold  at  the  rate  of  Bs.  6  a  maund.  The  mines  are  reported  to  be  from 
30  to  40  feet  deep.  The  process  of  extraction  by  sublimation  which  is 
practised  here  is  similar  to  that  already  described. 

Sulphur  is  also  said  to  occur  at  Gumbat  and  near  Panoba,  4  miles 
from  Shadepur  on  the  Indus,  both  also  in  the  district  of  Kohat.' 

Baonu  District:  JABA,Lat.  82*62';  Long.  71"  46'. — Sulphur  asso- 
ciated  with  petroleum  occurs,  according  to  Dr.  Flemming,^  in  no  great 
abundance  south  of  the  Indus,  about  14  miles  from  Kalabagh.  This 
appears  to  be  identical  with  Jaba  mentioned  by  Mr.  Baden-PowelP  as 


*  Report  on  Oil  Lands,  Lahore,  1870,  Supplement,  p.  1. 
>  Punjab  Products,  Vol.  I,  p.  20. 

'  Vids  Wood's  Joomey  to  the  Oxns,  p.  14  i.     B.  S.Lyman.  Report  on  Oil  LamU : 
Lahore,  1870,  Supplement,  p.  lii. 

*  Jour.,  As.  Soc..  Bengal,  Vol.  XVII,   Part  II,  p.  617. 
»  Punjab  Products,  Vol  I,  p.  20. 
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m  loealiiy  yielding'  a  trifling  ainotmt  of  sulphur  and  not  tlie  Jalm  in 
Sbahpiir.  The  Miibaroja  Gulab  Singh  clused  the  works  thea^  as  they 
proved  to  he  uuproKtable. 

Mr.  Wynne'  considers  that  none  of  the  sulphur  deposit*  of  the  Salt* 
rauge,  easit  of  the  luduEi,  are  of  any  siibrttautial  economic  value. 

Simla  District- — A  cake  of  sulphur  from  Jcuni,  ijviir  Simla,  waa 
exhibited  at  the  Punjab  Exhibitions^  hut  Uie  avuilubU)  amount  does  not 
appear  to  be  of  imjMjrtiince. 

Kashmir:  Vvga,  Lat.  33"  17'  80';  Long.  78*  25'.— Tlie  antphur 
minea  at  this  localityi  which  is  a  valley  in  Rupshu,  situated  between  Lake 
Chomoririand  the  Indus,  at  an  elevation  of  about  14,500  ft'et,  have  beetl 
visited  and  desenbed  by  General  Cunningham  and  Mr.  Mallet.' 

The  matrix  is  a  much  cleft  and  contorted  quartz  schist,  and  the 
sulphur  is  found  both  between  the  huuiiiic  and  in  the  eleft«  ami  fissures; 
aometimes  it  is  maat»ive,  but  oftener  it  lines  the  walln  of  tlie  elefU  with 
Bfnall  transparent  crystals  ;  crystals  also  occur  in  the  maasivo  gypsum 
which  is  found  in  the  fisaures. 

The  mines  are  vertieul  holes  about  8  feet  deep,  from  the  l>ottom 
of  which  the  rock  is  excavated  laterally  for  about  the  same  length,  and 
are  afterwards  deserted  for  new  sites.  Close  by  there  are  hot  springs, 
which  still  deposit  sulphur,  and  there  can  be  little  doubt  that  both  the 
gypsum  and  sulphur  in  the  mines  were  produced  in  the  same  manner. 
Even  at  present  the  mines  are  very  hot,  indicating  that  chemical  reactions 
are  in  progress  at  no  great  distance.  The  mines  belong  to  the  Maharaja 
of  Kashmir.  The  outturn  is  said  to  be  from  500  to  600  maunds.  The 
process  of  manufacture  is  rude  and  wasteful  in  the  extreme. 

Genera]  Cunningham  states  that  in  1847  the  Puga  mines  were  some- 
what neglected  owing  to  sulphur  being  more  easily  obtainable  at  Chang- 
thang.  The  annual  outturn  he  estimated  at  not  more  than  50  maunds 
at  16  seers  each  or  a  sheep's  load. 

North-West  Provinces :  Kumaun  District. — In  the  beds  of  the 
Bamgunga  and  Garjia  rivers  sulphur  is  found  in  the  deposits  from  hot 
springs  according  to  Captain  Herbert.*  It  is  said  to  be  there  associated 
with  carbonate  of  lime,  from  which  it  can  be  readily  sublimed.  Such 
on  association,  though  not  common,  is  occasionally  found  to  exist,  but 
it  may  bo  perhaps  that  in  this  case  the  substance  was  really  the  sulphate 
of  lime  or  gypsum. 

•  M«Ri..  O.  8.  I..  Vol.  XIV.  p.  28S. 
»  Pnnjali  PrtHhicU,  Vol.  I,  p.  10. 

>  Mi«m.,  a.  8,  \,,  Vol.  V.  p.  102.  TbcM  miuct  arc  olau  dtaKriboil  iii  P^injab  TruducU, 
Vol  1.  \\  19. 

As.  Kc«..  Vol  XVI 1 1,  p.  22U. 
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It  is  also  found  at  Muiisiari  iii  Norlliern  Kumauu,  according  to 
Mr.  Lawder,*  but  its  almodance  there  has  not  been  ascertained. 
Apparently  uurmportaut  dt'iJosits  occur  also  in  Garhwal. 

Jaunsar  District. — In  the  galleries  in  the  lead  mines  at  Moywafj 
on  the  Tons  river,  sulphur  occurs  in  considerable  quantities  according  to 
Captain  Herbert. « 

Nepal. — Sulphur  mines  are  known  tt)  exist  in  Nepal  but  particulars, 
regarding  them  arc  not  available.  In  the  year  1857  Mr.  Hodgson* 
reported  that  owing  to  want  of  skill  the  mines  there  were  not  worked 
with  profit. 

The  imports  of  sulphur  from  India  at  that  time  were  to  the  vnluo 
of  Rs.  6j000  per  annum,  which  at  the  then  prime  cost  of  Rs.  13  amaund 
represented  a  weight  of  about  16^  tons. 

Upper  Burma. — Sulphur  not  being  mentioned  in  the  "  Jiritish 
Burma  Gazetteer"  among  the  Economic  Products  of  value,  it  must  be 
concluded  that  it  does  not  occur  there  in  sufficient  abundance  to  be  manu- 
factured with  profit ;  but  in  Upper  Burma,  according  to  Major  Strover,* 
a  considerablp  quantity  is  manufactured  by  the  King.  The  supply  of  ore 
in  the  Shan  States  is  stated  to  be  unlimited,  but  its  exact  nature  is  not 
quite  clear,  as,  although  it  is  called  a  hard  metallic  pyrites,  it  is  distinctly 
stated  not  to  be  iron  pyrites.  It  occurs  in  tertiary  blue  clays  12  to  20 
feet  below  the  surface.  Dr.  Oldham,  when  at  Amarapura,  was  shown 
some  ii-on  pyrites  from  the  Shan  States  which  was  said  to  have  been  used 
as  an  ore  of  sulphur.*  The  process  of  extraction  is  essentially  identicul 
with  that  practised  in  Balochistan,  &c.,  common  earthen  vessels  I>eiug  used 
as  substitutes  for  retorts. 

The  following  is  a  list  of  the  principal  localities  where  there  are 
factories,  with  the  average  outturns  :— 

MoodaMyoN.  .S.CNlO  Vias. 

Tsein  Goon  E.  S.  E.  2,000  „ 

Kyoukhoo  S.  E.  .         .                          3.000  „ 

Bawyine,  Slmu  Statoa  S.  E.  6.00(J  „ 

Dyhrtven  Myo  N,  W.         .  4.000  ., 

Pagun  Myo,  went  bank  ol  Iraw.*.  !i  4.000  „ 

TiWK'tlioo  Eiulay  E.  S,  E.  .  ,         4,ii00  „ 

Bhamo  District  ....         2.000  „ 


Tutol 


28,<J00 


'  R.TonU.  O.  a  I,  Vol.  II.  p.  8a 
'  Ah.  lU*^  Vfjl.  XVllI.  p.  229. 

*  SclctioHM  from  Ki-conU,  Tt«Mi(;«l  GnvC'rniu<>ot,  No.  XXVII,  p.  35. 

*  "  Gaxcllo  of  Indin,"  rcpriuicil  in  llui  "  ImliMti  Gt'ouuinbt/'  Vul.  V.  1973,  p.  14- 
'  Colonel  Yulc'i  Missiou  to  Avb»  p.  3i7. 
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The  annual  imports  frum  Yunun  aro  consideraljle  and  European  suU 
pbur  is  obtaiiiahlc  in  tlio  bazars  at  the  rate  of  Re.  3  per  viss. 

Barren  Island,  Lat.  12^  17'  N. ;  Long.  Oa'  54'  E.— Barren  Ishind 
is  a  volcano  which,  so  far  ae  is  certainly  known,  has  not  been  in  a  state  oE 
violent  eruption  since  the  years  about  the  close  of  the  last  and  commonce- 
ment  of  the  present  centuries.  Since  then  it  has  been  visited  at  long 
iDtervala  and  the  aceouute,  with  one  exception,*  represent  it  as  merely 
pouring  forth  a  greater  or  less  volume  of  white  smoke  from  the  gummit. 

The  fissures  from  which  this  smoke  issues  are  lined  with  crystals  of 
pure  sulphur,  and  scattered  crystals  occur  with  solenite  throughout  the 
csap  of  ashes  at  the  summit. 

The  possibility  of  this  island  jnelding  sulphur  in  sufficient  abundance 
to  support  an  establishment  in  connection  with  the  convict  settlement 
at  Fort  Bluir  has  been  discussed  both  by  Dr.  A.  von  Liebeg^  aud  the 
present  writer.' 

At  present  deposition  takes  place  only  at  the  summit,  and  certainly 
not  with  BuiHcient  rapidity  to  make  it  |>ay  to  keep  an  establishmout  on 
the  spot.  It  is  possible  that  in  parts  of  the  cone  there  may  be  old  depo- 
sit*, but  they  are  not  likely  to  be  of  large  extent,  and  on  l>cing  exhausted 
they  would  not  l>c  again  replenished. 

Had  the  island  any  inhabitants  who  could  find  other  regular  moans 
of  subsistence,  some  profit  might  be  derived  from  thee  oUection  of  this 
sxdphur;  but  as  it  has  not,  there  can  gcarcely  be  said  to  be  any  prosjK'ct 
of  BaiTcn  Island  sulphur  becoming  an  article  of  commerce. 

Molybdenum— General  Remarks. — ^lliis  metal  occurs  generally 
as  the  sulphide  or  molybdenite,  and  has  never  been  found  native ;  an  oxide 
resulting  from  the  alteration  of  the  sulphide  is  occasionally  found.  In 
eoral)ination  with  lead  it  forms  the  molybdatc  of  lead,  which  is  the  only 
native  salt  oontiiiuing  it. 

Molybdenite  has  occasionally  been  found  in  small  quantities  in  the 
crystalline  or  metaraorphic  rocks  of  India,  especially  in  thoHC  of  Chutia 
Nagpur.  Its  appearance  is  so  like  graphite  that  it  is  often  mistaken  for 
iU  Recently  samples  of  it  have  been  brought  to  the  Museum  from  galena 
mines  in  llazaribagh. 

The  only  use  to  which  molybdenite  is  put  in  the  arts  is  in  the  prepara- 
tion of  a  blue  pigment  for  pottery-ware.  The  metal  is  not  employe<l  for 
industrial  purposes  at  present. 

'  A  ntinibor  of  the  "  Datubnj  Times  "  for  Jiiljr  IWS  U  BtnUsl  to  contain  ru  ocotiwut  of 
it  111  iH'in^  tiieu  in  n  wry  active  oonditiaiik 

3  Jtnir.,  A».  Soc„  Ikngnl  Vol.  XXlX.  p.  8. 

'  li^curd*.  a.  S.  I.,  Vol.  VI.  lb7U.  i..  31  i  mid  Owl,  M«g  ,  Dc<.,II,  Vol  VI,  No.  l.p.  10. 
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Arsenic— General  Remarks. — This  metal  occurs  native  and  in 
combination  with  other  metals  in  various  ores.  It  also  occurs  in  the  form 
of  sulphides  as  orpimentand  realgar,  and  sparingly  as  an  oxide.  The  last 
is  of  the  same  composition  as  the  common  white  arsenic  which  is  an 
artificial  preparation.  Within  British  territory  but  one  locality  is  known, 
and  that  vaguely,  where  an  ore  of  arsenic  occurs  in  sufficient  quantity  t-o 
be  worked.  Elsewhere  traces  of  it  have  been  found  in  combination  with 
ores  of  antimony,  lead,  copper,  and  iron,  but  in  too  small  quantities  to  be 
of  economic  importance. 

During  the  past  four  years  the  average  imports  of  arsenic  of  all 
kinds  into  British  India  by  sea  amounted  to  52  tons,  but  in  the  last  of 
these  only  15  tons  are  returned.  The  United  Kingdom,  Austria,  China, 
and  Turkey  in  Asia,  besides  other  countries,  contribute  to  this  supply. 

White  arsenic,  orpiment,  and  realgar  are  to  be  obtained  in  every 
native  bazaar.  They  are  used  in  Materia  Medica,  as  pigments,  in  the 
manufacture  of  paper  which  is  indestructible  by  insects,  for  poisoning  wild 
animals,  and  not  unfrequently  in  the  perpetration  of  murder ;  but  for  this 
last  purpose,  being  comparatively  easy  of  detection,  they  are  not  so  well 
suited  as  some  other  substances,  as  has  recently  been  minutely  explained 
in  an  official  document  published  for  general  instruction. 

North-West  Provinces :  Munsiaei. — Arsenic  in  the  form  of  orpi- 
ment or  yellow  sulphide  is  said*  to  occur  in  the  northern  part  of  Kumaun 
at  the  above-named  locality.  Small  quantities  are  brought  for  sale  by  the 
Bhutias  to  the  Bagesar  fair. 

Yellow  orpiment  reaches  India  overland  from  Swat  and  Kashgar,  and 
is  to  be  had  from  those  localities  in  the  Peshawar  bazaar.  That  which 
is  sold  in  Kandahar'  or  a  portion  of  it  comes  from  Herat. 

According  to  Mr.  Hodgson*  Nepal  does  not  produce  any,  but  imports 
its  supply  from  India.  In  1857  the  different  varieties  imported  had  a  total 
value  of  1,400  Rs.  at  Rs.  4  a  seer,  or,  in  other  words,  700  lbs.  weight 
represented  the  then  average  amount  of  consumption  in  Nepal. 

Burma. — Red  and  yellow  orpiment  from  Upper  Burma  is  said  to 
be  commonly  sold  in  British  Burma  bazaars.  An  ore  of  arsenic  was  re- 
ported by  Dr.  Heifer  to  exist  on  one  of  the  islands  of  the  Mergui 
Archipelago,  and  other  arsenical  ores  have  also  been  discriminated  in 
different  parts  of  Burma. 


•  A.  Lawder.     Rccordg,  0.  S.,  1.,  Vol.  II,  p.  88. 

2  Punjab  Products,  Vol.  1,  p.  66. 

3  Cal.  Jonr.,  Nat.  Hist.,  Vol.  VI,  p.  604. 

*  St'li'ctions  from  Kecord*,  Bengal  (Jovernincut,  No.  XXVII,  p  34. 
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Bismuth — General  Remarks. — This  metal  occurs  hoih  native  and 
in  combination  with  other  metals,  &c.  It  haa  many  um^  in  the  arts ; 
alloyed  with  tin  and  Ictul  it  forms  Boft  eoldcr,  and  is  used  <<>  take  clichdM 
for  stereotypes.  "With  tin  and  leatl  in  the  proportion  of  8  bismuth,  5  lead, 
and  3  tin  it  forms  '  fusible  metal  *  which  melts  at  a  temperature  of 
iOO°  F.  It  also  enters  into  the  composition  of  various  me<licincs,  mor- 
dants for  calico  printings,  and  pigments  for  colouring  glass  and  porcelain. 

So  far  as  is  known,  bismuth  doe«  not  occur  in  quantity  in  any  part 
of  India,  but  in  different  localities  traces  of  it  have  been  ascertained 
to  exist  in  the  ores  of  other  metals  as  follows. 

Bengal :  Singbhum  District, — Traces  of  bismuth  were  met  with 
in  the  cnpjH>r  ores  of  Sinj^-hbhimiJ 

Punjab  :  Mimdi  State. — At  Tbirri,  in  the  estate  of  the  Raja  of 
Hundi,  on  the  borders  of  Kulu,  there  is,  nccordin<»  to  Mr.  Calvert,  a  lode 
of  manganese  and  bismuth  ore  of  snmll  size  in  a  matrix  of  piidc  lime- 
stone. Mr.  Baden-Powell  states  that  small  quantities  of  bismuth  have 
been  obtained  from  Jammu  territory,  in  Kashmir. 

Nepal. — In  the  account  of  the  copper  of  Nepal  in  Chapter  V  the 
analysis  of  a  mineral  by  Mr.  Piddingt4)n  for  which  he  pn^posed  the  name 
Nepaulitc  will  be  foimd.  It  will  l>e  seen  thai  this  mineral,  if  the  analysis 
be  correct,  includes  a  very  large  percentage  of  carbonale  of  bismuth,  34*8, 
and  it  might  appropriately  be  callwl  an  ore  of  bisniulh,  as  it  therefore 
contains  24*6  }>er  cent,  of  that  metal,  while  of  metallic  copper  the  per- 
centage is  only  14*4. 

Burma. — Traces  of  biBmuth  have  been  found  in  ores  of  antimony 
and  galena  from  Burma. 

Antimony— General  Remarks.— Owing  to  the  common  custom 
of  applying  the  Hindustani  term  surma,  which  strictly  speaking  means 
antimony,  to  galena,  and  further,  owing  to  the  custom  of  using  powdered 
galena  for  anointing  the  eyes,  antimony  being  the  substance  which  is 
properly  applicable  to  that  purpose,  it  is  not  .always  easy  to  determine 
whether  writers  are  referring  really  to  antimony  or  to  lead  ore.  In  some 
cases  internal  evidence  shows  that  the  term  'antimony'  is  not  applicable  to 
the  mineral  described  as  iurma;  but  in  others  a  doubt  cannot  fail  to  be 
felt  as  to  whether  the  writer  is  speaking  with  authority  or  not.  As  a 
matter  of  fact,  stibnite  or  antimony  sulphide  very  commonly  occurs  in 
association  with  lead  sulphide  or  galena.  In  the  majority  of  these  cases, 
however,  there  are  only  traces  present,  and  as  such  they  have  no  real 
economic  importance. 

»  Record..  0.  8.  1..  Vol.  III.  p.  97. 
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Madras :  BeUary  District. — Antimony,  together  with  lead,  man- 
ganese, and  iron,  is  said^  to  occur  in  the  Sandnr  hills,  but  nogparticulars 
418  to  its  abundance  are  available. 

-  Mysore. — ^Dr.  Clarke'  states  that  antimony  was  brought  to  him 
by  a  native  from  Baba  Boodens,  where  it  was  said  to  be  abundant. 

Vizagapatam:  Kodur. — At  Kodur,  2  miles^from  Chipnrapilly, 
antimony  is  found  and  is  sold  for  two  annas  a  pound.  Some  of  it,  which 
was  exhibited  at  the  Madras  Exhibition  of  1867,  was  reported  to  have 
l>een  of  good  quality.' 

Hyddrabad :  Ybnchapali. — At  Yenchapali  or  Enchinpilly,  on  the 
Nizam's  side. of  the  Oodavari,  several  miles  below  the  point  where  the 
Indravati  joins  it,  Mr.  Vanstavern  has  reported  that  stibnite  was  found 
in  a  well-sinking  at  a  depth  of  34  feet  from  the  surface. 

Bengal :  Ha.zaribagh  District.--HisATu.— In  the>ocount  of  the 
lead  ore  of  this  locality  will  be  found  an  analysis  of  the  galena,  from 
which  it  appears  that  a  sample  yielded  17  per  cent,  of  the  antimony 
sulphide,  the  equivalent  of  which  is  4*7  of  metallic  antimony.  There 
was,  therefore,  more  ground  for  describing  this  as  an  antimony  mine  than 
many  other  localities.  Traces  of  antimony  occur  also  with  the  galena  of 
the  locality  near  Dhadka,  in  Maubhum.^ 

Bijputana :  ^mir.— Taraoa&h. — It  is  said  that  antimony  occurs 
with  the  lead  ores  of  this  locality  which  are  described  in  Chapter  VI. 

BalOCbistan :  Bbyla. — ^Together  with  some  lead  ore,  samples  of 
antimony  ore  are  said  to  have  been  forwarded  from  Beyla  to  the  Bombay 
Geographical  Society  by  Captain  Boyd. 

Sek&an. — In  the  Sekran  lead  mines,  which  are  also  described  in 
Chapter  VI,  antimony  is  reported  to  occur. 

QuETTA. — ^A  mass  of  pure  (.'^  antimony  was  shown  to  Captain 
Drummond,^  which  was  reported  to  have  been  obtained  near  Quetta; 
possibly  it  was  obt^dned  at  the  locality  to  be  next  mentioned. 

A^hanifltan  :  Killa  Abdulla  in  Pish  in. — Stibnite^  according  to 
Captain  Hutton,*  occnrs  abundantly  in  some  of  the  mountains  to  the 
northward  of  Killa  Abdulla.  It  is  said  to  be  accompanied  by  the  white 
oxide  or  >'alentimte. 


>  Bellaiy  Diatrict  Manual,  p.  96. 

*  Madi»s  Jomr.  of  Ut.  and  Sci>  VoL  IX  (1SS9),  p.  130. 

>  Yingmpatam  District  Vannal,  p.  155 ;  aud  Balfonr's  Qckpvdia,  Art. — AntiiBOiij. 
«  Rvconis,  G.  S.  I.,  VoL  111.  p.  76. 

»  Jonr..  A».  Soc..  Bengml.  Vul.  X,  p.  9i 

•  14tm,  V«L  VI,  p  53& 
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FuuGiRD. — Ac<x>rJing^  to  Dr.  Lord'  a  mine  ui  antimoDy  cxL^Uon  a 
limestotic  bill  west  of  Fuli|finl  in  Ghoraband. 

Antimony  is  said  to  reach  India  in  some  quantity  from  Kabul  and 
Kandahar,  Utit  the  exact  sourceis  are  not  known  ;  probably  the  above 
localitiotf  include  the  principal.  A  portion,  however,  is  said  to  come  from 
Bokhara. 

Kashmir. — It  seemB  to  Ik?  doubtful  whether  true  antimony  occurs 
in  Kashmir,  aUhoiip:!^  a  (pmlity  of  snrma  superior  to  that  of  Shigri  wa8 
«aid  to  como  from  Jiimu.'^  Ore  brought  from  Rcyasi,  in  Jamu,  proved 
to  be  galena.* 

Pni^ab:  Lahul  District  Smkjut.— Mr.  Calvert  describes*  his 
discovery  of  an  enormous  lode  containing  antimony  ores  in  great  abund- 
ance at  Shigri.  Std^scquently,  ho  tells  us  that  Mr.  A.  O.  Young  found 
a  second  smaller  lode  higher  up  on  the  hill-face  in  tho  year  IS 72,  which 
had,  however,  been  known  at  an  earlier  period,  as  some  mining  ojHira- 
tions  had  been  carried  on  there  by  Major  Hay  18  years  previously. 

The  lower  lode  is  stjite*!  to  be  40  feet  wide  and  to  contain  20  feet  of 
ctibnite  or  antimony  sulphide  and  the  oxides,  ccrvautite  and  kermesitcj 
which  result  from  its  decomposition  and  form  a  sort  of  froth  at  the 
surface. 

Mr.  Calvert,  after  IS  months'  delay,  obtainetl  from  Government  a 
lease  on  liberal  terms,  his  intention  being  to  form  a  company  with  the 
object  of  sliipning  the  ore,  reduced  to  a  rfgulM,  at  an  estimated  cost  of 
iZ%  per  ton,  the  value  in  England  Ijcing  also  estimated  at  £76  j^cr  ton. 

Owing  to  the  diflictilties  presented  by  the  routes  this  de]>osit  is  very 
disadvantageouHly  situatcil,  and  no  permanent  result  seems  to  have 
followed  from  Mr.  Culvert's  i)rojeeted  scheme. 

Mr,  Mallet,  who  visited  tho  locality  eight  or  nine  years  before,  do- 
scribes'  having  found  loose  blocks  of  the  ore  close  to  the  Bara  Shigri 
glacier.  These  c<.>nsi8tcd  of  such  pure  ore  that  he  was  of  opinion  that  if 
it  were  abuuduut  it  might  profitaldy  be  carried  three  marches  and  aerosa 
the  Uamta  Pass  (14,500  feet)  to  the  neighlwurhood  of  tho  forests  on  the 
south  side,  where  it  might  be  reduced.  From  these  forosts  to  Sultunpuf, 
the  Capital  of  Kulu,  there  are  four  marches. 

An  analysis  of  this  stibnito  by  Mr.  Twcon  indicated  the  presence 
of  iron,  alumina,  lime  and  chlorine,  with  traces  of  cop[>er  and  arsenic. 

»  Cnl.  Jour.,  Not.  Hirt,,  Vol.  VI.  p  699, 

)  Miidnu  Jour.  Lit.  aud  Sci.,  VuK  XVll,  |>.  2&i. 

*  Pniijnb  iV(xlucU»  p.  IL 

♦  Knlu.  p.  Bl. 

•  Mcju.,  li.  8. 1.,  Vol,  V.  p.  ie5. 
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A>.'5ucKit<'(l  with  it  in  small  quantity  are  zinc  ,i/(?/i</<f),  iron  pyrites  and 
aiani^aniforous  carbonate  of  iron.  Tlie  rock  in  which  these  lodes  occur  is 
^eiss. 

An  earlier  published  account  of  this  antimony  is  to  be  found  in  the 
"Madras  Journal  of  Literature  aud  Science."*  M.  Marcadieu,  who 
visited  the  mines  which  were  opened  by  Major  Hay,  while  he  ac- 
knowledged the  richness  of  the  deposits,  expressed  an  opinion  that, 
situated  as  they  were  at  an  elevation  of  liJ,507  feet,  no  commercial 
benefit  could  be  anticipated  from  working-  them.  Six  distinct  lodoa 
were  said  to  be  then  visible,  and  a  sample  of  ore  yielded,  according 
to  Dr.  Macnamara,  60  per  cent,  of  pure  metal.  Major  Hay  suggested 
that,  as  the  commercial  value  of  antimony  for  the  purposes  for  which  it 
is  ordinarily  used  had  somewhat  depreciated,  it  should  be  employed  for 
cannon-balls,  for  which  it  was  admirably  suited;  he  stated  that  the 
mines  might  be  worked  on  a  scale  sufficient  to  supply  all  the  magazines  in 
Northeni  India  with  shot.  Major  Hay  was  refunded  the  actual  expenses 
incurred  by  him  in  his  researches,  but  the  Government  refused  to  sanc- 
tion his  working  the  mines,  as  no  material  advantage  was  expected  to  be 
derived  from  the  undertaking. 

According  to  Mr.  Baden- Powell*  specimens  of  antimony  from  the 
following  distnctfi  and  localities  in  the  Punjab  were  contributed  to 
the  Lahore  Exhibition  : — 

Kangra  District,  Spiti. — Tlie  ore  was  associated  with  iron  pyrites. 

Hazara  District,  Bakot. — An  unimportant  dejjosit,  erroneously  sup- 
posed to  be  tin  ore. 

Pesuawar  District,  Bajaur.^A  good  ore  valued  at  Rs.  i^  a  maund. 

SiML\  District,  Sikmck. 

Dera  GuAzi  Khan  District,  said  to  be  from  the  lower  hills.  A 
rather  doubtful  locality  considering'  the  nature  of  tlie  rocks. 

Burmai:;  I'rovince  of  Tenasserim,  Amherst  District.— Anti- 
mony  ore  occurs  associated  with  galena  in  various  parts  of  Tenasserim. 
It  wjis  found  by  Mr.  O* Riley ^  at  the  sources  of  the  Ataran,  and  is 
said  to  be  often  met  with  on  the  mountains  that  bound  the  Thoungyeen- 
Captain  Foley  ^  mentions  one  locality  under  the  name  GuangtU 
(Gyaing). 

Mr.  Theobald  mentions  that  no  ores  of  antimony  are  worked  nt 
present  in  British  Burma,  but  the  metal  is  imported  to  a  small  extent 

•  Vol.  XVII,  p.  2«4. 

'  Piitijub  PmdiirU,  p.  11. 

«  Mjiton's  Hurinn,  p.  id ;  and  BritJih  Barma  Qflaettcer,  Vol.  I,  p.  66» 

*  Jour.,  Ai.  Soc.  Jkaxgti,  Vol.  V,  p.  278. 


fibonomic  Qooli^  ] 


BORNEO. 


1^7 


from  tlio  Shan  SfnU^.  *VUii  priucipal  well-knowii  «ii'|K)«it  lu  Tcua^-*  i  lui 
is  situutcd  near  Maitlmian. 

Maulmain. — Largo  <iunntitie8  of  antimony  ore  are  said  to  have  been 
ilu^out  licrc,  Imt  as  there  was  no  sale  for  it  in  Calcutta,  operations  oeaaot!, 
A  nmnl)er  of  gam  pics  forwanled  to  the  Asiatic  So^'icty,  hy  Messra.  Fowlc 
and  Lonmlale,  were  rei>orted  on  by  Mr.  PidJing^ton.  Thi«c  samples  w<;re 
found  to  contain,  in  addition  to  antimony,  iron,  ariBenic,  bisjuuth  and 
molylxlcnum. 

Straits  Settlements. — It  may  bo  of  interest  to  add  that  n  sample  of 
native  antimony  was  rceeived  by  the  Geological  Suj'vey*  from  the  Home 
Department  for  examination.  It  was  stated  to  have  been  found  on  Vulo 
Obiu  or  Ubin,  an  island  lying  at  the  east  end  of  Sihit  Tanibran,  the 
strait  dividing  Singapore  from  the  mainland.  It  contained  no  trace 
of  arsenic  or  silver,  and  only  slight  traces  of  iron  and  sulphur.  Further 
research  did  not  resxdt  in  the  discovery  of  any  additional  samples. 

Borneo :  Sarawak. — Recently  Mr.  Mallet*  bus  met  with  both 
crystalline  and  massive  Bcnarmontite  in  a  sample  of  antimony  ore  from 
Sarawak.  This  eample  consists  mainly  of  native  antimony  with  stibnito, 
but  valentinite,  eervantite  and  seuarmontitc  are  ftlso  ])resent.  It  is  believcil 
that  this  is  the  first  record  of  the  hitol-monlioned  ore  of  unliioony 
having  been  found  in  Borneo. 

Platiniim, — Platinum  seldom,  if  ever,  occurs  pure  in  nature.  It  is 
tisnally  combined  with  one  or  more  of  the  rare  metala,  iridium,  rhodium, 
palladium,  or  osmium,  as  is  examplified  by  an  analysis  by  Mr.  Prinsep, 
which  is  quoted  below ;  occasionally,  too,  either  copper  or  iron  or  both 
are  present  in  the  combination. 

Several  of  the  reported  instances  of  the  occurrence  of  platinum 
in  India  are  perhaps  oi)en  to  question.  Thus  Mr.  Piddington  doubtfully 
states  that  a  trace  of  platinimi  occurred  with  some  gold-dust  obtained 
from  MiJnapur.^ 

Platinum  is  probably  in  all  cases,  where  it  ha^i  been  found  in  India, 
originally  derived  from  metaraori>hic  rocks.  It  may  be  mentioned 
here  that  about  500  pounds  weight  of  platinum  is  obtained  annually  in 
Borneo.* 

Madras:  Mysoiir. — According  to  Mr.  Ricc^  platinum  in  small 
quantities  has  been  obtained  at  the  gold-wjishings  in  tlie  Kolar  district. 


'  lUconls,  O.  8.  I.,  Vol.  IV,  p.  48. 

J  Jdn»,  Vol.  XJ.  p.  360. 

'  Jour.,  A«.  Soi-.,  lictiw'"!.  Vol,  XXIV.  p.  251. 

*  Dutm.     &1iiiiuu1  tif  Miiicniiogy,  Sn!  Kiiitioii,  lb7P,  |>.  12.6, 

'  Mywrc  aiul  Cuorg  tJniot'teer,  Vol.  I,  p  18 
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Bombay :  Dhabwar  District. — In  two  of  his  papers  Captain 
Newbold*  refers  to  some  particles  of  what  he  thought  to  be  platinum  as 
occurring  with  the  gold-dust  in  the  washings  in  the  Kappatgode  region. 
As  elsewhere  stated  in  these  pages,  native  silver  has  been  found  there. 

Pm\jab. — According  to  Mr.  Baden-Powell,^  in  the  streams  of  the 
Indus  Valley  in  the  Punjab^  where  gold  is  washed  for,  grains  of  platinum 
are  occasionally  found  in  small  quantities;  the  gold* seekers  call  it  tofed 
tona  (white  gold)  and  reject  it  as  useless.  He  adds  that  it  has  been 
found  in  the  Tair  river,  in  Jamu  territory,  and  in  the  Kabul  river 
at  Naushera.  Previously,  Dr.  Fleming,^  in  the  account  of  his  trip  to 
Pind  Dadun  Khan,  &c.,  as  pointed  out  by  Mr.  Wynne,*  stated  that  in 
spite  of  repeated  enquiries  from  the  gold-washers  he  failed  to  discover 
that  platinum  had  ever  been  found.  Mr.  Wynne  subsequently^  further 
confirms  this. 

Assam. — Some  gold  sand-  obtained  in  the  Noa  Dihing  river,  in 
Upper  Assam,  by  Colonels  Dalton  and  Hannay  was  found  by  Dr.  Oldham 
to  contain  platinum.^ 

British  Bmma :  Henzai. — Dr.  Oldham?  detected  a  minute  particle 
of  platinum  with  some  washed  gold  and  tinstone  which  were  obtained 
by  Mr.  O'Reilly  in  the  streams  which  fall  into  the  Henzai  basin,  in  the 
Tavoy  district  of  the  Tenasserim  Division. 

Upper  Burma.-^In  the  year  1831  Mr.  Charles  Lane  forwarded  to 
the  Asiatic  Society  a  button  of  white  metal  which  had  been  obtained  by 
melting  up  together  some  grains  obtained  in  the  gold-washings  near 
Ava.  Mr.  J.  Prinsep  subjected  this  button  to  analysis  and  obtained  the 
following  result : — 

Platinnm           ...'....  25 

Gold 6 

Iridiam  and  Osmium ^ 

Iron 10 

Arsonio  and  lead       .......  20 

Rhodium  P 
Palladium  P 

100 


'  Jour.,  Roy.  A».  See.,  Vol.  VII,  p.  206;  and  Jour.,  As.  Soc.,  Bengnl,  Vol.  XIV,  p.  291. 
'  Punjab  Products,  p.  14. 

*  Jour.,  As.  Soc.,  Bengal,  Vol.  XVIII.,  p.  683. 

*  Mem.,  O.  8.  I.,  Vol.  XIV,  p.  27. 
»  Idem,  Vol.  XVII,  p.  96. 

*  Idem,  Vol.  I.,  p.  91. 

»  Scl.,  Rcc.,  Bengal  Gov.,  No.  VI,  p.  38. 
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Thia  appears  t«»  I>o  the  fiiKt  recorded  caae  of  the  occurrence  of  an 
alloy  of  platiuum  in  Southern  Asia,' 

The  examinatioQ  of  a  further  sample  hj  Mr.  Prinscp'  led  bim  after- 
wards to  conclude  that  the  ore  contained  only  'iO  per  coat,  of  platinum 
and  abunt  twice  that  amount  of  iridium.  The  amount  of  osmium  was 
not  detorminedi  but,  besides  the  platinum  and  iridium,  the  bulk  of 
the  ore  was  chiefly  oxide  of  iron,  Aa  remarked  by  Mr.  Theobald* 
the  proportion  of  iridium  indieatod  by  those  assays  is  remarkable,  and 
a  further  examination  is  much  to  be  desired.  It  is  stAted  that  the 
Burmese  are  capable  of  manipulating  the  metiil,  which,  if  true>  affords 
additional  evidence  of  their  well-known  ekill  &&  metal lurgists. 

With  reference  to  the  mode  of  occurrence  of  this  ore  Major  H, 
Buraey*  supplied  Mr.  Prinscp  with  the  following-  particulars. 

A  good  deal  of  it  is  bron^jht  from  some  streams  which  full  into  the 
Kyendween  river  from  the  west  near  a  town  called  Kannee.  It  is  said 
to  be  collected  in  the  following  curious  manner.  The  horns  of  a  species 
of  wild  cow  called  Tsain  {Jios  sondaieus),  which  are  covered  with  a 
velvet  ooat  up  to  the  age  of  two  or  three  years,  are])1aced  in  the  streams, 
and  at  the  close  of  the  rainy  season,  when  the  water  subsides,  they, 
together  with  tlie  sand  surrounding  them,  are  carefully  raised  with  cloths 
wm]>ped  round  them.  The  horns,  it  is  suggested,  cause  a  concentration 
at  these  spots  of  the  gold-dust  whiuh  is  brought  down  by  the  streams. 
With  this  gold-dust  the  grains  of  platinum  ore  arc  found,  but  it  is  the 
former  alone  which  is  regularly  brought  into  Ava  for  disposal. 

This  use  of  the  horus  is  also  alluded  to  in  another  paper,-'^  and  it  is 
said,  on  the  authority  of  Mr.  Lane,  that  they,  with  the  gold-dust 
adhering  to  them,  are  sold  for  from  12  to  13  tickals  (=  £1-12-6  to 
£1-15)  a  piece.  Tliis  seems  so  large  a  sum  that  it  suggests  that  the 
story  may  have  arisen  from  the  gold-dust  being  stored  in  the  bonis  when 
coUectod  by  other  means.  A  good  deal  of  this  ore  is  said  to  occur  in 
the  same  association  with  the  gold-dust  in  the  streams  which  fall  into  the 
Irawadi  in  the  direction  of  Banman  (Bhamo.)  According  to  Major 
Strover'*'  platinum  is  reported  to  occur  also  in  the  Shan  States. 

By  the  Burmese  platinum  is  known  tis  nhetithan  or  shtoabeeUf  which 
means  whito  gold. 


'  Olcuiings  in  Scicucc,  Vol.  Ill*  p.  89. 

»  A».  Km..  Vol.  XVII I.  p.  27U. 

»  Itocortk.  tt.  8.  I.,  Vol.  VI.  p.  i)5. 

*  Jour.,  Aft.  8oe..  Dental.  Vol.  I,  p.  1(3. 

»  Oji.  ciU.,  Vol.  III.  p.  207 

'  luiUau  Koooombt,  Vol.  V,  p.  14. 
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Mercury^General  Remarks. — ^Tliis  metal  occurs  botb  native  ami 
ia  combiualioii  with  other  suhetances.  Alloyed  with  silver  it  coustitulcs 
native  amalgam.  Its  most  abundant  ore  is  the  sulphide  or  cinnabar^ 
which  when  in  a  pure  state  is  the  pigment  vermilion.  From  this  ore 
the  mercury  of  commerce  is  chiefly  obtained,  as  the  uncombincd  metal 
seldom  occurs  in  any  great  abundance.  The  mode  of  occurrence  is  some- 
what variable  :  at  Almaden,  in  Spain,  it  im]>regnates  vertical  strata  of 
ijnartzoso  sandstone  which  are  associated  with  carbonaceous  slates ;  in 
the  Astuiias  it  occurs  in  carboniferous  strata ;  in  San  Francisco  it  occure 
in  altered  cretaceous  strata  with  which  serpentine  is  associated ;  some- 
times the  cinnabar  is  found  iU'tnally  in  the  serpentine.  This  point  is  of 
particular  interest  in  connection  with  India,  since,  in  the  Andaman 
Islands,  where,  according  to  an  old  mmour,  mercury  has  been  found, 
rocks  of  very  similar  character  occur. 

The  pi-esent  production  of  mercury  for  the  use  of  the  world  is  said 
to  l>e  about  4,000  tons.  Its  uses  in  medicine  and  the  arts  are  numerous, 
and  most  of  them  are  well  known. 

Testimony  as  to  the  actual  occurrence  of  mercury  or  quicksilver 
in  India  is  not  wanting,  but,  as  will  appear  in  each  case  quoted  below, 
it  is  defective  and  unsatisftictory.  Still,  as  the  reports  have  been  pub- 
lished, they  cannot  be  safely  passed  over  without  reference  here. 

Madras  :  Cannanork. — In  the  year  185S  Brigadier  Fitzgerald  re- 
ported to  the  Madras  Government*  the  existence  of  mercury  in  a  bod 
of  laterite  at  Cannanore.  It  was  stated  to  occur  as  the  pure  metal 
in  small  cells  in  otherwise  solid  blocks  of  laterite.  Some  excavation  of 
the  laterite  was  made  in  order  to  test  the  abundance  of  the  metal,  but 
with  what  final  result  is  not  to  be  found  in  any  available  record  at 
present.  Possibly  thei'e  was  some  mistake  in  the  identification  of  tho 
substance. 

Afghanistan:  Pir  Kisreb,  Lat.  81*  18';  Long.  62*18'  80'.^ 
According  to  Captain  Hutton'*  mercury  is  said  to  occur  in  Gurmsucl 
(Garmsir)  at  Fir  Kisrce,  where  it  is  dug  out  of  the  ground.  It  consti- 
tutes an  article  of  Materia  Medica  and  sells  at  lU.  2  to  Us.  3  per  tola. 
A  report  was  at  one  time  spread  that  quicksilver  had  been  found  in  the 
Bolan  Pass.  This  pri»ved  on  enquiry  to  bo  true,  but  the  quicksilver,  it 
was  jifterwai-ds  ascertained,  was  from  a  broken  barometer  tube.  Tho 
cinnabar  used  in  Balochistan  is  said  to  come  from  Persia,  India,  and 
Turkey. 


'   fidf  I"Jixinoc>r»'  Joiiniu!  (Ciilcuttn).  Vol.  l^y.dTI. 
'  Cal.  Jour.,  HixL  Ui»t.,  Vol.  VJ,  p.  flUU. 
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Captain  Drumraond'  mentions  that  a  epccimcn  of  cinnabar  wm 
brought  to  him  once  by  a  villager,  who  stated  that  ho  had  found  it  close 
to  Sultanpur,  near  Jellalubud,  but  after  an  examination  of  the  ground  it 
was  eonclnded  that  it  had  been  dropped  there  by  accident. 

Andaman  Islands. — llie  following  statements,  especially  the  two 
last,  afford  the  principal  evidence  for  the  rumour  that  mercury  occurs 
in  the  Andaman  Islands.  They  are  given  here  for  what  they  are  worth, 
and  that  perhaps  is  not  very  much.  Since  the  British  occupation  there 
has  been  nothing  discovered  to  justify  the  belief  in  the  existence  of 
inercjiry  in  the  islands,  though  some  enquiries  have  been  set  on  foot, 
and  the  natives  from  different  parts  have  been  shown  the  metal  when 
visiting  Port  Blair,  in  the  hope  that  they  might  recognise  it  as  a  product 
of  their  islands,  but  without  success.  It  is  possible  that  some  of  them 
might  have  recognised  cinnabar  had  it  been  sliown  to  them  instead, 
llie  rocks  of  the  Andamans  are,  as  has  been  stated  when  describing  the 
coal,  sandstones,  and  shales  of  early  tertiary  or  kte  cretaceous  sge  witli 
intruded  volcanic  rocks  and  serpentine.  They  apparently  have  a  close 
resemblance  to  the  rocks  which  in  California  now  yield  a  large  proportion 
of  the  mercury  of  commerce. 

The  Mahomedan  travellers  of  the  ninth  century,  having  described  an 
island  inhabited  by  a  race  with  the  characteristics  of  the  Andamanese 
of  the  present  day,  proceed  to  say  :  "  Beyond  this  is  a  mountainous  yet 
uninhabited  island,  where  it  is  said  there  are  mines  of  silver;  but  as 
it  does  not  lie  in  the  usual  track  of  shipping,  many  have  sought  for 
it  in  vain,  though  it  is  remarkable  for  a  mountain  called  Kashenal. 
It  once  so  happened  that  a  ship  sailing  in  this  latitude  had  sight  of  the 
mountains  and  shajxxl  her  course  for  it,  and  falling  in  with  the  laud 
sent  a  boat  on  shore  with  hands  to  cut  wood.  The  men  kindled  a  Bra 
and  saw  silver*  run  from  it,  which  plainly  indicated  there  was  a  mine 
of  this  metal  in  that  place ;  they  shipped,  therefore,  as  much  of  the 
earth  or  ore  as  they  thought  fit,  but  as  they  were  proceeding  on  their 
voyage  they  met  with  such  a  storm  that  to  lighten  their  ship  they 
were  under  the  necessity  of  throwing  all  their  ore  overboard.  Since  that 
time  the  mountain  bus  been  carefully  sought  for,  but  has  never  again 
been  seen.'^ 

In  Hamilton's  "  East  Indies,"  quoted  by  Dr.  Mouat,  we  learn  that 
an  Andamaneso  was  captured  in  one  of  the  forays  which  his  countrymen 
wero  in  the  habit  of  making  on  their  more  peaceful  neighbours  in  the 

'  Jotir.,  As.  Sw..  Bengrul,  Vol,  X.  p.  91. 

>  lliis  mny  (towibly  hIIimIc  tn  ibe  qaicksilvcr  mcDtioncd  iu  Uiu  following  notices. 

'  liurrii's  CuUectiuu  of  VojrngM  and  Truvcl*. 
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Nicobars ;  he  was  retained  in  slavery  there.  Afterwards  he  was  pur- 
chased by  some  Mussulmans  of  Acheen  (Sumatra).  His  master  havings 
died  he  was  manumitted  and  allowed  to  set  out  on  a  trip  to  visit  his 
country ;  this  he  effected  iilone  in  a  canoe.  Having  remained  for  some 
time  with  his  friends  on  the  Little  Andaman,  he  returned  again  to  the 
Nicobars,  bringing  with  him  a  quantity  of  quicksilver,  which  he  reported 
to  be  abundant.  Subsequently  he  made  several  voyages  ^to  and  fro 
and  was  seen  by  the  narrator  in  1 694. 

In  a  list  of  the  useful  metals  found  in  India,  attached  to  a  letter' 
on  the  formation  of  the  Museum  of  Economic  Geology  for  India  by 
Captain  Tremenhere  to  H.  Torrens,  Secretary  to  the  Asiatic  Society, 
mention  is  made  of  quicksilver  as  occurriug  in  the  Andaman  Islands, 
but  the  authority  for  the  statement  is  not  quoted. 

The  red  pigment  ordinarily  used  by  the  natives  has  been  analysed  and 
found  to  be  made  of  oxide  of  iron ;  but  those  who  ar6  resident  in  the 
islands  may  yet  through  the  instrumentality  of  the  natives  be  enabled 
to  discover  cinnabar.  If  the  deposit  exist  in  the  Little  Andaman  and 
there  only,  its  discovery  may  be  a  far  distant  event  owing  to  the  noto- 
rious hostility  and  barbarity  of  the  inhabitants  of  that  island. 

Aden. — Mercury  was  first  found  at  Aden  by  Dr.  J.  P.  Malcolmson, 
who  communicated  the  discovery  in  a  letter  to  the  Secretary  of  the 
Bombay  branch  of  the  Royal  Asiatic  Society.*  The  metal  occurred  in 
small  globules  in  a  cellular  mass  of  lava  which  was  dug  out  from  a 
depth  of  15  feet  from  the  surface  at  about  200  yards  from  the  beach. 
The  discovery  is  stated  to  have  been  a  bond  fide  one,  though  some  doubt 
was  thrown  upon  it  at  the  time. 

1  Dated  27th  January  1841. 

'  Jour.,  As.  Soc.,  Bombay,  YoL  I,  p.  341. 
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fJoLD. — Generml  r4>innrlc« — Mmlnw — Travancore — Miulum — Snlorn — MnUljftr— Wyiiamt — 
MjBore— Bcllary—  ll^dernbnd  — On»«n—  IVngfll— CVntnil  rroviuo*ii—  lUjiiulMim — 
BotnbKy — AfghaninUn— Pnnjnb — 'Hjibrt— N«)  rth-VVc«t  Prnviorc* — Nf|inl—  DnrjUirg 
ftod  Sikkiin— Ambiti — Itiinjin.  Sii.tbk.— Ck'iirrnl  irinurk* — Miuinu, —  Rnjimtnnn  - 
Bombttj,  Barm* — Mmlroa — lJt<^n|^1 — Coiitral  ProTTncw— Rcwah  nnd  Doiiildkhand— 
BftjimtADa — Bombftj— Puttjii)j — North. Wwt  ProTincc* — Ncpnl—  Oartna. 

Gold— General  remarks. — Although  the  vftloes  of  all  minenU 
deposits  arc  apt  Ui  be  overrated,  not  only  by  the  g<»nonil  public  but  also 
by  persons  poBBessing  a  "little  knowledge'*  of  the  subject,  there  is 
]>erhap8  not  one  of  them  with  rcjjard  to  which  more  unsound  m\<\  falla- 
cious arg'umeute,  or  what  are  supposed  to  be  arguments,  are  applied  than 
to  gold. 

It  is  commonly  said  of  countries  where  gold-bearing'  sands  are  found 
that  there  must  necessarily  be  some  source  where  the  gold  occurs 
in  abundance.  By  actual  and  dearly  bought  experience,  no  less  than  by 
general  considerations,  the  falsity  of  this  conclusion  has  over  and  over 
been  demonstrate*! ;  but  as  it  continues  to  Ihj  asserted  and  rc-asscrted  to 
this  day,  it  will  not  be  out  of  place,  by  way  of  cautionary  prcbide  to 
what  follows,  to  re-state  the  grounds  upon  which  the  proof  that  it  is  ati 
error  depends. 

There  is  one  point  upon  which  all  modem  geologists  agree,  and  that 
is  that  the  subacrial  degratlation  and  erosion  of  the  surface  by  the  action 
of  rain  and  rivers  have  l>ecn  going  on  in  the  saruo  matincr  oa  they  do 
at  present,  for  an  enormously  longi>criod  of  time.  Huge  valleys  have  thus 
been  scooped  out  by  streams,  which,  there  is  reason  to  l>clicve,  were  iu 
many  cases  never  larger  than  they  are  now.  A  feeble  force  acting  for 
n  long  time,  whether  the  force  l»e  physcial  or  chemical,  is  capable  of  pro- 
ducing results  so  stu[K3iuloU9  that  the  aid  of  cataritrojihes  is  commonly 
invoked  to  account  for  the  resultant  phenomena.  If  it  be  admitted,  as 
indeed  it  must  be,  that  vast  masses  of  materials  have  been  carried  down 
by  streams,  their  valleys  representing  the  amount  of  this  kind  of 
work  which  has  been  done,  it  cannot  be  denied  that  the  sifting  action 
of  such  streams  would  tend  to  concentrate  the  heaviest  particles  in  the 
nooks  and  crannies  and  carry  away  the  lighter  ones  j  this  is  precisely  what 
explains  an  apparent  abundance  of  gold  in  a  virgin  stream.     The  gold 
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may  hare  originally  occurred  very  sparsely  disseminated  throngb  an 
enormous  mass  of  materials,  but  by  the  concentrating  process  which  has 
been  so  long  in  operation  nature  has  done  the  heaviest  part  of  the  work 
which  the  gold-waaher  completes.  He  soon  finds  out,  as  it  has  been  found 
out  all  over  the  world,  that  the  amount  of  gold  brought  down  in  a  single 
year  gives  him  insignificant  returns,  and,  in  time,  an  area  becomes 
practically  exhausted  as  regards  its  alluvial  gold,  though  in  a  countrj'  like 
India,  where  a  man  can  live  for  so  small  a  sum,  it  is  possible  to  derive  a 
subsistence,  such  as  it  is,  from  the  washings  of  a  few  rivers  year  after  year 
in  succession. 

It  is  a  known  fact  that  certain  metals  occur  in  solution  in  sea- 
water,  but  it  does  not  necessarily  follow  that  it  would  pay  to  extract 
them.  Similarly,  many  metals  occur  very  sparsely  disseminated  in  rocks 
and  soils.  It  is  a  mistake  to  suppose,  for  instance,  that  gold  occurs  only 
in  quartz  reefs  ;  it  often  exists  in  minute  quantities  in  schistose  and 
other  rocks,  and,  perhaps,  in  the  majority  of  cases  it  is  either  absent  or 
only  present  as  a  trace  even  in  quartz  reefs ;  so  that  the  mere  presence 
of  gold  in  alluvial  deposits  does  not  necessarily  prove  the  existence  of  a 
rich  source.  The  man  who  knows  that  the  value  of  a  sovereign  is  hidden 
at  a  certain  depth  beneath  the  surface,  and  who  thereupon  expends  an 
equal,  not  to  say  a  greater,  sum  in  its  extraction,  is  not  a  wise  person. 
Tho  chance  of  drawing  prizes  in  the  mining  lottery  causes  many  people 
to  do  what  is  still  more  rash  and  foolish  than  that  attributed  to  the 
above  imaginary  person. 

Gold- washing  is  at  present  carried  on  in  some  parts  of  the  British 
Islands,  and  in  one  particular  instance  gold  is  found  which  is  equal  in 
value  only  to  a  fraction  of  the  pay  of  the  labourers,  who,  fortunately  for 
themselves,  have  a  paymaster  at  their  back.  In  this  washing,  which  is 
carrietl  on  in  an  enclosed  valley  in  the  county  of  Wicklow,  the  gold  is 
probably  not  derived  from  a  reef,  but  from  some  schists  and  slates  in 
which  it  is  probably  very  sparsely  disseminated.  The  first  washings  made 
there  in  recent  times  proved  the  existence  of  a  comparatively  large 
amount  of  gold  in  the  old  alluvial  deposits,  but  when  it  was  exhausted 
no  mor«  gohl  was  to  be  found  in  poyiug  quantities^  and  no  reef  was 
over  discovered. 

An  idea  is  prevalent  among  gold  and  diamond  washers  that,  after 
ft  rest,  old  tailings  become  again  productive  in  consequence  of  the  growth 
of  tiie  gold  and  diamonds.  The  explanation  of  the  fact  that  rewashing 
18  sometimes  productive  is,  that,  in  the  majority  of  cases,  under  the 
influence  of  the  atmosphere,  decoropoeitiou  and  disintegration  of  envelop 
ing  minerals  and  hard  crusts  take  place,  in  oonseqiMSioe  of  whieh  tlie 


So^omic  Ocol(ygy  ] 


OENEIUL  REMARKS. 


175 


diiimnnds  or  gold  are  releastM  from  Iheir  coneeulment  and  ftpp«ir  and 
are  collected  in  the  Inter  wasliiti^L^. 

As  wc  know  so  littJe  about  the  orig^in  of  diamonds^  it  u  impoflsibld  to 
ppcalc  iH)«»itively  reganUng  them  ;  V>ut  tht*  jH^sihility  of  g<dd  W'comin^ 
eoix'entrated  in  certain  spot*,  and  even  forming  nujij^dJi  in  alluvial 
depoBitB^  i«  DOW  pretty  generally  admitted,  l>eing  i»OBeej>til)le  of  a  rational, 
chemical  explination,  as  certain  chemical  solntions,  more  eej^ecially 
those  containing  iron  sulphate,  are  cajiahle  of  holding  gold  in  solution 
to  a  small  extent.  When  such  a  F<»lution  comee  in  contact  with  di»- 
eomp>o8ing  organic  matter  it  is  liable  to  be  deoxidized  nnd  ii*on  sulphide 
or  pyrites  is  deposited  and  with  it  metallic  gold.  This  process  may  go 
on  for  long  periods,  and  by  minute  increments  the  gold  may  Ik?  said  to 
grow ;  of  course,  if  the  gold  be  included  in  the  crystals  of  iron  pyrit*'s  and 
the  latter  be  not  removed  by  subsequent  oxidation  and  solution,  then  no 
actual  growth  of  a  nugget  can  take  place;  but  there  is  reason  to  believe 
that  sometimes  the  gold  is  dcp<»sited  free  from  the  entanglement  of  the 
pyrites.  A  case  of  dendritic  gold  being  found  on  the  rotting  timber 
of  an  old  shaft  has  been  recorded,  and  in  Australia  partially  fossiliiied 
w<K>d  has  been  found  in  deep  leads,  under  the  Ijasalt,  with  crystals  of 
auriferous  pyrites  attached.  Silica,  moreover,  when  in  the  hulloid  <t)ndi- 
tion,  is  known  to  be,  to  a  small  extent,  a  solvent  of  gold  ;  and  to  this  fact, 
where  pyrites  is  not  associated,  the  presence  of  free  gold  in  quartz  %'eiu8 
way  be  attributable. 

Another  possible  agency  in  the  concentration  of  metallic  gold  is  the 
action  of  living  plants.  There  does  not  api>ear  to  be  any  recorded  case 
of  traces  of  gold  having  been  found  in  the  tissues  of  vrgt'tables ;  but 
it  is  possible  that  they  may  be  capable  of  taking  up  and  digesting  the 
greater  part  of  the  solutions  which  contain  gold,  though  they  n*jcct 
the  latter  as  unsuitable.  In  tluB  way  it  is  conreivabl<:'  that  nuggsta 
may  grow  by  gradual  increment,  and  the  possibility  U'ing  admitted,  an 
explanation  is  afforded  of  the  curious  casus  which  have  been  recorded, 
one  of  which  will  be  found  in  the  following  j>flges,  of  gold  nuggets 
having  lx.*en  fotmd  envelo]>e<l  in  the  roots  of  plants.  Of  course  some  of 
these  cases  may  have  been  duo  to  mere  mechanical  coincidence,  tut 
the  possibility  above  allud^nl  to  is  but  one  of  many  instances  of  the  in- 
Hucnce  which  organic  life  exercises  upon  inorganic  matter. 

The  ultimate  derivation  of  most  of  the  gold  of  Peninsidar  India  is 
doubtless  from  the  quartz  reefs  which  occur  traverHing  the  metamor|>hio 
and  submetaraorphic  scries  of  rocks,  but  there  is  evidence  to  show  that 
in  some  parts  of  the  country  gold  occurs  in  certain  chloritic  schists  and 
quartzites,  and  }Missibly  also  in  some  forms  of  gneiss  inde]H.nidently  of 
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rpiartz  veins.  As  to  the  relative  producf.iveiiess  of  the  reefs  in  tho 
different  groups  or  series  of  metatiiorphosed  rocks,  the  imperfect  evi- 
dence which  at  present  exists  is  somewhat  conflicting.  The  truth  of 
the  matter  prohably  is  tlu\t  there  is  no  rule  ap[)licable  to  the  whole  of 
the  count^}^  What  may  be  true  in  Western  Ben«>'al — namely,  that  in  so 
far  as  the  amount  of  alluvial  gold  affords  a  safe  guide,  the  general  pro- 
ductiveness of  the  submetamorphie  to  the  metamorphic  rocks  is  as  Sl'5 
or  8  to  1 — is  not  necessarily  true  of  other  areas. 

The  presence  of  gold,  either  as  an  original  deposit  or  as  a  detrital 
product  from  the  older  rocks,  has  not  as  yet  been  proved  in  any  member 
of  the  great  Vindhyan  formation.  But  in  the  next  succeeding  forma- 
tion several  of  the  groups  included  in  the  Gondwana  system  are  be- 
lieved to  contain  detrital  gold ;  of  these  the  evidence  seems  clearest  in 
the  case  of  the  Talchir.  It  is  almost  certain,  however,  that  the  gold 
obtained  in  the  Godavari  and  in  its  tributary  near  Gc<lalore  or  Mun- 
gapet  is  derived  from  rocks  of  Kamthi  age,  and  the  gold  of  the  Ouli 
river  in  Talchir  in  Orissa  is  derived  from  sandstones,  but  whether  from 
those  of  the  Barakar  or  the  Kamthi  groups  is  not  certainly  kjiown,  as 
both  occur  in  the  river  section.  It  is  of  course  natural  that  the  sedi- 
mentary rocks  which  first  filled  the  previously  existing  hollows  and 
basins  should  contain  gold  as  well  as  the  other  materials  derived  from 
the  degradation  of  the  older  metamorphic  rocks,  but  gold  is  also  pro- 
bably present,  though  its  existence  has  not  yet  been  proved,  in  some  of 
the  still  younger  groups. 

In  80  far  as  Peninsular  India  is  concerned,  the  only  other  sources  of 
gold  are  the  recent  and  sub-recent  alluvial  deposits  which  rest  on  tho 
metamorphic  and  sub-metamorphic  nxrks.  Passing  to  the  extra-peninsu- 
lar regions  we  meet  with  evidences  of  the  existence  of  gold  in  rooks  of 
several  different  periods.  In  Ladak  certain  quartz  reefs  which  traverse 
rocks  of  the  carboniferous  period  are  almost  certain  to  be  gold-l>earing, 
as  particular  streams  which  rise  within  their  limits  contain  auriferous 
sands.  In  Kandahar  gold  occurs,  as  also  do  some  ores  of  other  metals 
in  rocks  of  cretaceous  age.  Here  the  deposit  is  an  original  one,  and 
is  connect4j4  with  the  intrusion  of  trap. 

Lastly,  all  along  the  foot  of  the  Himalayas,  from  west  to  east,  from 
Af^'hauistan  to  the  frontiers  of  Assam  and  Burma,  the  tertiary  rw'ks 
which  Hank  the  bases  of  the  hills,  and  which  occur  also  in  the  Salt-rangti 
and  in  Assam,  south  of  tho  Bhramaputnii  are  more  or  less  aarifemas. 
But  this  gold  is  all  detrital,  and  was  no  doubt,  in  the  first  instance, 
derived  from  the  crystalline  metamorphic  rocks  of  the  higher  raugv> 
which  arc  otherwise  known  to  contain  g«jld.     Although  it  is  not  iiicoo- 
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ceivable  that  exceptionally  rich  leads  might  occnr  in  some  places  among 
the  Siwalik  eandstoues,  the  project  to  search  these  rocks  for  productive 
reefs,  of  which  something  has  l>oen  heard  from  time  to  time,  could  never 
have  emanated  from  any  one  possessing  the  slightest  knowledge  of  the 
nature  of  these  deposit*. 

Madras. — The  gold-fields  of  Madras  have  recently  attracted  bo 
much  publio  interest  and  so  large  an  amount  of  capital  that  it  will 
doubtless  be  thought  by  some  readers  that  they  desefi-ve  special  and 
exceptional  treatment  in  this  volume;  but  as  a  matter  of  fact  the 
available  information  on  the  subject  at  the  present  moment  is  much  less 
extensive  than  might  1)e  supposed,  and  such  will  continue  to  be  the  case 
until  the  operations  of  the  companies,  now  in  tbeir  infancy,  have  lasted 
for  some  years.  The  time  will  then  have  arrived  for  writing  a  history 
of  British  goId*miuiog  in  India.  It  is  to  be  hoped  that  the  actual 
results  which  can  thou  be  recorded  will  eome  up  to  the  high  standard 
of  success  which  has  been  predicted  for  them. 

The  pages  of  the  professional  mining  journals  have  during  the  past 
eighteen  months  abounded  with  the  opinions  of  experts  who  have  visited 
the  properties  where  gold-bearing  reefs  occur.  And  so  far  as  is  practi- 
cable these  sources  of  information  have  been  availed  of  in  the  following 
account.  Were  it  possible  to  give  brief  sketches  of  individual  properties 
an  effort  might  perhaps  within  certain  limits  be  made  to  do  so;  bat  the 
necessary  information  is  not  available,  and  even  if  it  were,  what  is  written 
now  would  not  be  up  to  date  six  months  hence  when  this  volume  may 
be  expected  to  appear.  Under  the  circumstances,  therefore,  it  is  jwssible 
to  deal  with  the  question  only  from  a  general  point  of  view.  That  the 
industry  will  itself  produce  a  literature  ere  long,  in  which  details  will  be 
given,  is  to  be  expected. 

Very  interesting  are  the  sjjeculations  which  have  arisen  in  connection 
with  the  discovery  of  ancient  mines  in  these  regions.  That  there  were 
formerly  large  hoards  of  gold  in  the  possession  of  the  ruling  dynasties 
of  Southern  India  has  long  been  known  to  be  the  case.  Incredible  were 
the  accounts  of  the  vast  amounts  of  bullion  which  wei-e  carried  away 
by  the  Moslem  armies  of  the  fourteenth  century,  and  they  were  natur- 
ally enough  put  down  as  being  the  product  merely  of  Oriental  exaggera- 
tion. Pliny,  in  A.  D.  77,  referred  to  the  country  of  the  Nareso  '  as  con- 
taining numerous  mines  of  gold  and  silver,  and  that  by  the  Narcie  the 
Nairs  of  Malabar  were  meant  is  now  an  established  fact.  The  probable 
position  of  these  silver  mines  will  be  discussed  on  a  future  page.     Dr. 


*  Ifarm  d«indt,€juca  etnvdU  mont  aUi9timui  Indicorvm  CapitaVm,  (i.e.,  Mount  Al)u) 
J^/M  lACv/tf,  <»li9  fatert  laUauri  el  argenti  mctalia/odiuttt.^Nt^  Ubt,  Bouk  VJ,  Ckp.  XX. 
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iiuinell  has,  as  the  result  of  his  translation  of  the  Taujore  temple 
inscriptiou,  come  to  the  couelusiou  that  in  the  eleventh  century  gfoKl 
exii$te<l  in  extraortlinnr}*  abundance  iu  Southern  India.  The  ai^uments 
used  by  Mr.  Eastwick'  seem  conclusive  that  the  Ophir  of  Solomon  was 
situated  on  the  west  coast  of  India,  and  that  from  thence  went  the 
ivory,  apes,  peacocks,  and  gold,  all  of  which  could  not  have  been  obtained 
from  any  one  country  to  the  west  of  India. 

Coupled  with  the  testimony  os  to  the  abundance  of  gold  in  the 
country  which  is  of  a  most  varied  kind,  there  is  to  be  taken  into  con- 
sideration the  fact  that  Messrs.  Brough  Smyth  and  Oliver  Peglar,  as 
well  as  many  others,  have  described  numerous  and  extensive  ancient 
mines,  which,  though  they  had  not  escaped  the  notice  of  early  explorers 
towards  the  beginning  of  the  century,  have  now  been  brought  more 
prominently  to  notice  than  they  ever  were  before.  Gold  is  known  to 
exipt  in  the  following  provinces  and  districts  of  Madras :  Travancore, 
Madura,  Salem,  Malabar,  Wynaad,  Mysore,  aftd  Bellary.  Its  occuiTencc 
in  Vizagapatam  seems  to  be  as  yet  unproven. 

Travancore  State. — The  excitement  caused  by  the  recent  opera- 
tions in  the  Wynaad  has  led  to  attention  being  directed  to  adjoining 
areas  in  Southern  India  where  crystalline  rocks  occur,  and  in  which  it 
was  thought  auriferous  reefs  might  possibly  bo  found.  Among  these 
areas  the  Travancore  State  has  to  some  extent  been  prospected,  and  in  a 
map  lately  published  by  Mr.  Wyld  of  the  gold-bearing  regions  of 
Southern  India  it  is  repi-esented  as  an  auriferous  traet, — upon  what 
authority  is  not  stated,  but  it  may  be  claimed  for  this  discovery,  if  true, 
that  it  is  also  new.  Travancore  does  not  appear  in  any  of  the  early 
accounts  as  a  gold-producing  region,  and  the  trade  of  the  gold-washer 
seems  to  be  there  unknown. 

Mr.  W.  King  has  recently®  reported  on  the  subject  to  the  Travancore 
Government.  He  states  that  the  so-called  quartz  reefs  of  Peermerd 
and  the  adjoining  country  are  not  really  reefs,  but  are  the  outcrops  of 
beds  of  quartzite  including  felspar,  which  run  with  the  gneiss ;  only  in 
one  case  is  the  outcrop  sufficiently  large  to  promise  a  good  tonnage  of 
stone.  Although  a  close  assay  has  detected  traces  of  gold,  the  amount 
would  not  justify  the  application  of  the  term  'auriferous  quartz.'  In  the 
Anuamalais  Mr.  King  did  not  observe  any  reefs  so  far  as  he  had  examined 
the  area,  and  throughout  the  northern  parts  of  Travancore  he  saw  nothing 
to  justify  a  hope  that  regular  auriferous  rocks  would  be  found. 

A  sample  from  one  of  these  outcrops,  which  ^vas  assayed  in  Madras, 
wafl  only  about  tv^o  pounds  in  weight,  so  that  tho  amount  of  gold  per 

'   Gcnilcmii!  i  «.  Jnn.  188Q. 

•  iMUtr  to  I  uf  llto  Tn»vii»««Te,  (Uted  Uib  Mjirch  1881. 
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ton — 2  dwis.,  1  grain  was  calculated  from  the  rVf  o^'*-  l^»til  a  number 
of  assays  of  large  samples  have  l>een  made  no  safe  conelasions  can  be 
arrived  at  as  to  the  average  amount  of  ^Id  contained  in  this  quartz 
rock.  Mr.  King  states  that  an  expert  was  engaged  on  behalf  of  one  of 
the  Gold  Companies  in  exploring  the  southern  part  of  the  province,  and 
that  it  was  expected  that  the  question  would  soon  be  settled  for  that  area. 

Madura  District. — In  the  district  of  Madura  gold  is  found,  ac- 
cording to  Mr.  J.  H.  Nelson,'  in  two  localitieg,  namely,  in  Palukanuth and 
in  the  sands  of  the  Veigei  river. 

Sir  W.  Ainslic*^  states  that  an  auriferous  zinc  blende  was  discovered 
in  some  part  of  Madura  by  Mr.  Mainwaring. 

Palakanlth,  Lat.  10°  27' SO*;  Long.  77  50'.— Gold  is  washed  on t  o£ 
the  detritus  of  the  granitic  rocks  which  form  the  Palani  hills  near  Pala- 
kanutb.  Water  is  scarce  and  the  work  is  carried  on  in  a  small  way, 
barely  affording  a  subsistence  to  the  washers.  The  Rev.  D.  Muzzy '  is 
the  original  authority  for  these  statements.  Ho  suggested  deep  mining 
in  the  soil  as  being  likely  t-o  give  better  results. 

Lieutenant  Nicolson  is  said  to  have  seen  the  gold  sands  of  Poly- 
gonuth,  45  mile«  from  Dindigul*;  whether  by  this  Palakanuth  is  in- 
tended is  doubtful,  feince  it  is  only  about  IZ  miles  from  Dindigul, 

Vbioei  Biver,  Lat.  10  °;  Long.  78°. — Theso  figures  are  intended 
merely  to  afford  a  rough  indication  of  position,  as  the  exact  spot  or  spots 
on  the  river  where  washings  take  place  is  not  recorded.  The  gold  is 
supposed,  like  that  at  Palakanuth,  to  come  from  the  crysfalline  rocks  of 
the  Palani  or  Palni  bills.  The  people  who  search  for  the  gold  are  called 
Aruppukarans. 

Salem  District.— Heyne*  refers  to  some  gold  mines  which  were  at 
Suttergul,  near  Pangumpilly,  in  the  year  1802.  He  was  prevented  from 
visiting  them  owing  to  a  rebellion.  They  appear  to  have  been  either  on 
the  borders  of  Mysore  or  in  the  Salem  district ;  probably  the  latter,  but 
the  names  are  not  on  modern  maps.  They  were  probably  not  far  from 
Royacottah. 

According  to  Captain  Campbell,*  gold  used  to  be  found  at  the  base  of  a 
hill  called  Kanjah  Mallia,  on  the  road  from  Salem  to  Saukerrydrug. 
After  the  rains  a  numljer  of  people  washed  for  it  in  streamjs.  The  earn- 
ings of  a  washer  never  exceeded  eight  annas. 

'  MAdnra  ^fAniml,  pAge  SO. 

3  Matem  Medlcn  of  UindnBtan  :   Madras,  1813.  p.  54. 

»  Madras  Jour,  of  Lit.  and  Sci.,  Vol.  XVII,  p.  101. 

•  Balfour's  Cydopnslin,  Art.— OoW. 

•  IVacU.  p.  843. 

•  Cal.  Jour..  Mat.  Hist.,  Vol.  II,  p.^1. 
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Malabar  District  and  the  Wynaad.— The  Wyiiaad  forms  a  ter- 
race of  mountain. land  iutermediute  iu  position  between  tbe  low  country  of 
Malabar  and  the  lofty  plateau  of  the  Nilgiri  mountains.  It  is  separated 
into  three  portions  which  are  locally  known  as  North,  South,  and  South- 
East  Wynaad.  Although  the  south-eastern  division  of  the  Wynaad, 
in  which  the  principal  gold  tracts  are  situated,  is  now  included  in  the 
Nilgiri  district,  it  will  be  more  convenient  here,  with  reference  to  the 
earliest  notices,  to  treat  of  it  as  belonging  to  the  Malabar  district,  in 
which  it  was  formerly  included. 

Probably  the  first  allusion  to  the  existence  of  gold  in  this  region  since 
the  time  of  Pliny  is  to  be  found  in  the  report  of  a  joint  commission  from 
Bengal  and  Bombay,  which  was  appointed  to  report  upon  the  condition  of 
the  Malabar  province  in  the  years  17^2-93.  Allusion  is  made  in  the 
report  to  the  fact  that  the  Raja  of  Nilambar  claimed  a  royalty  on  all 
gold  found  in  his  territory.  In  1793,  too,  some  steps  were  taken  by 
Mr.  Duncan,  Governor  of  Bombay,  to  ascertain  the  value  and  extent 
of  the  gold  mines  of  this  i*egion.  We  next  find  mention  of  the  fact 
that  gold  was  worked  here  in  Dr.  Buchanan's  *  Journey.*'  He  alludes 
to  the  existence  of  gold  mines  at  Malabar  iji  the  year  1801,  and  states 
that  a  Nair  who  had  the  exclusive  right  to  mine  paid  a  small  annual 
tribute  for  tho  privilege.  Owing  to  the  disturbed  state  of  the  country 
Dr.  Buchanan  could  not  visit  the  locality. 

In  the  year  18U2  Sir  W.  Ainslie^  recorded,  as  elsewhere  quoted, 
several  localities  iu  India  where  gold  was  then  known  to  occur :  among 
these  Nilambar,  the  Wynaad,  and  the  sand  of  the  Beypur  river  at  Culicut 
are  included.  After  tho  lapse  of  a  quarter  of  a  century,  or  in  1827,  Mr. 
S.  Young»  placed  on  reeoi-d  that  fine  specimens  of  native  gold  had  been 
found  to  the  west  of  the  Nilgiris  in  the  beds  of  rivers. 

In  1830  Mr.  F.  H.  Barber  was  examined  before  the  Lords  Com- 
mittee on  East  ludian  affairs.*  He  stated  that  gold  was  not  only 
obtained  in  Coimbatore  but  throughout  the  tract  of  country  lying 
west  and  south  of  the  Nilgiri  and  Kuuda  mountains.  He  had  often  wit- 
nessed the  process  of  gold-washing  and  had  bought  tho  gold  as  it  was 
extracted.  He  estimated  the  area  over  which  the  soil  was  impregnated 
with  gold  at  2,0fMJ  square  miles.  The  largest  nugget  ho  had  seen 
weighed  about  half  a  guinea.  The  persons  employed  in  washiug  were  tho 
slaves  of  the  proprietors.     He  attributed  the  non-improvement  in  the 


'  Journey  tbrotigh  Mj«ore,  &c„  Vol.  I,  p.  441. 

*  Materia  Mwlica  of  Hiudiwtan.  Mwlnui,  1813,  p.  64. 

»  Joiimul,  Mod.  JMid  Pby».  Soc.  of  Cnlcutta,  Vol.  IV.  p.  48. 

*  Kvidence  ordered  to  be  prioUid,  2nd  April  18$0. 
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inotbod  of  searcbing  to  the  jeulousy  of  the  proprietors.  The  Govcra- 
ment  derived  a  revenue  from  assessing  the  puUiA  or  tmjs  nsed  to  wash 
the  gold,  but  he  did  not  know  its  amount.  He  was  sure  that  the  pro- 
prietors would  be  willing  to  sell  their  lands  at  such  a  rate  as  would  make 
it  worth  the  while  of  people  of  capital  to  take  it,  but  the  Government 
would  not  allow  Europeans  to  go  into  tlic  interior  without  special  permis- 
sion. There  were  about  100,000  slaves  in  Malabar;  they  were  bought 
and  sold  like  cattle,  the  value  of  a  man  being  from  Rs.  5  to  Rs.  20.  In 
some  coses  their  sole  clothing  was  a  plantain  leaf,  and  their  wretched 
appearances  suggested  baboons  rather  than  men.  They  were  originally 
often  kidnapped  children,  stolen  at  night  from  their  free  parents. 

In  1831  Mr.  Sheffield,  Collector  of  Malabar,  forwarded  a  report  to 
Government  on  the  localities  where  gold  was  kuown  to  occur,  and  on  the 
methods  of  mining  practised  by  the  natives.  He  had  previously  for 
some  time  purohased  gold  from  these  sources  on  behalf  of  the  Govern- 
ment. In  the  same  year  Lieutenant  Nicolson  was  appointed  to  prosj^ect 
for  gold-fields  and  also  to  porcbase  on  behalf  of  Government.  His  reports 
were  on  the  whole  sanguine  as  to  the  extent  of  the  mines  and  the  possibi- 
lity of  their  being  worked  profitably  by  the  British,  and  he  suggested  that 
stamping-mills  with  engine  power  shonld  be  set  up  at  Coopal.  He 
proposed  that  a  committee  should  meet  there,  as  a  sight  of  the  mines 
would  do  more  than  anything  he  could  write  to  ensure  conviction  as  to 
their  value.  There  are  fretjuent  references  to  the  jealousy  shown  by 
the  natives  in  reference  to  his  researches  and  enquiries.  The  Moplahs 
refused  to  take  eenrice  under  him  at  Rs.  5  a  month,  as  they  said  they 
would  have  to  work  daily  for  him  while  the  gold  they  could  find  in 
one  day  sometimes  enabled  them  to  live  in  idleness  for  a  week.  At 
Nilambar  the  mines  were  worked  by  Konimba  slaves  who  were  subjected 
to  horrible  cruelties  if  the  gold  they  found  was  deficient  in  quantity. 

The  report  was  accompanied  by  a  map  showing  the  positions  of  the 
mines,  on  which  it  is  stated  that  the  lai^gest  mines  were  at  Coopal  and 
Carembat.  After  receipt  of  the  Report  of  a  Committee  in  1 833,  which 
condemned  working  in  the  low  country  of  Malabar  as  a  Kurojiean  in- 
dustry, the  Governor  in  Council  came  to  the  conclusion  that  it  would  bo 
inexpedient  to  work  the  mines,  and  Lieutenant  NiooIsoD  returned  to 
military  duty. 

Reports  and  letters  by  the  Collector  o£  Malabar  in  1857  and  1868 
directed  attention,  after  another  period  of  a  quarter  of  a  century,  to  these 
gold  mines,  which  extended  for  a  distance  of  30  or  40  miles  along  the 
western  faces  of  the  gh4ts  and  also  in  some  places  to  their  summits. 
The  taxes  payable  by  the  Rajas  for  the  right  to  mine  had  fallen  into 
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aiTears ;  apparently  many  of  the  older  mineis  and  their  defendants  had 
migrated  to  the  coffee  plantations  of  the  Western  Wynaad. 

In  the  year  181)5,  according:  to  Mr.  Brough  Smyth,  among  those  who 
were  attracted  to  the  Wynaad  were  Mr.  H,  L.  Sterne  and  Mr.  G.  E* 
Withers,  both  of  whom  had  had  experience  of  Australian  gold-mining. 
Soon  after,  the  enterprise  of  Mr.  J.  W.  Minchin  led  to  the  erection  of 
machinery  to  crush  the  quartz  at  the  Skull  reef.  Other  applicants  for 
the  right  to  mine  on  their  estates  then  came  forward.  It  would  be  im- 
possible in  this  acconnt  to  give  the  details  of  these  earliest  efforts  to 
put  the  matter  to  a  practical  test  or  of  those  which  followed  in  1875 
and  1876.  Their  want  of  success  has  been  fully  described  by  Mr. 
Brough  Smyth.  Early  in  1876  Mr.  W.  King,'  Deputy  Siipcnntendent 
of  the  Geological  Survey,  visited  the  Wynaad  and  soon  after' bis  report 
and  map  were  published. 

The  principal  rocks  of  the  area  are  granites,  gneisses,  and  other  forms 
of  metamorphic  rocks  which  are  traversed  by  numerous  quartz  reefs. 
The  gold  he  describes  as  occurring  originally  in  the  reefs  or  large  lodes 
of  quarts,  in  the  leaders  or  spurs  from  them,  and  in  the  casing  rock.  lo 
the  leaders  and  casing  the  gold  is  generally  visible,  either  segregated  in 
the  interstices  of  the  quartz  or  included  in  the  i>yrite8  or  the  cuIkjs  of  tho 
same  altered  into  limonite.  Invisible  gold  also  occurs  with  pyrolusitc. 
In  the  reefs  the  g^ld  is  generally  fine. 

The  quartz  reefs  arc  without  exception  white  at  llic  outcrop,  so  that 
it  is  impossible  to  say  from  a  surface  ins|)Cction  whether  they  are  auri- 
ferous or  not.  This  is  the  case  with  the  skull  reef  of  the  Alpha  Com- 
pany, The  prevailing  direction  of  these  reefs  is  from  north-north- west 
to  south-south-east,  but  owing  to  the  irregularity  and  the  occasional  flat- 
ness of  the  underlie  it  is  not  always  easy  to  trace  them  individually,  but 
the  Monarch  reef  appeared  to  be  traceable  for  nine  miles. 

Mr.  Brough  Smith's  report  on  the  Wynaad  gold-lields  gives  an  account 
of  his  explorations  during  the  years  1 879  and  1880.  In  the  tract  to  which 
he  gave  his  particular  attention,  and  which  covers  500  square  miles,  5J00 
outcrops,  not  necessarily  distinct  reefs,  were  counted ;  thoy  are  stated  to 
be  more  numerous,  proportionately  richer  and  wider,  than  in  almost  any 
portion  of  AustmUa.  As  had  previously  been  pointed  out  by  Mr.  King, 
there  arc  no  deep  leads  or  accumulations  of  drifts  such  ns  characterise 
the  Australian  fields.  The  ancient  mines  indicate  different  degrees  of 
knowledge  in  tho  miner's  art,  Thoy  consisted  of — 1,  quarrying  on  the  out- 
crops of  veins;  3,  vortical  shafts  ;  3,  adits  ;  4,  vertical  shafts  with  adits  ; 
r»,  shaftfi  00  ondei'Uo.     Among  these  the  most  remarkable  arc  the  vciticul 

'  RcconK  a.  8.  I.,  Vol.  VIII,  p.  iD. 
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shafts ;  they  are  even  when  in  snVu\  qnartz  eometimes  70  feet  deep,  with 
smooth  and  qtiik*  plumb  sides.  What  the  tools  were  which  enaMed  the 
iniDers  to  pro<luce  such  work  in  hard  dense  qnartz  no  one  appears  to  be 
»hlc  to  snggest.  The  fragments  of  stone  obtained  from  those  Tarions 
nines  were  pounded  with  hand-rauUers,  the  pounding  places  being  still 
Been,  and  the  pounded  stone  was  then,  it  is  believwl,  washed  in  a  wooden 
dish  and  treated  with  mercury. 

Mr.  Brough  Smyth  compared  the  present  condition  of  the  country  to 
an  abandoned  Australian  washing,  it  being  covered  over  with  toilings 
owing  to  the  industry  of  the  Korumbaa.  Even  still,  however,  streaks  of 
fine  gold  may  generally  be  found  on  washing  a  few  dishes  of  the  surface 
soil,  and  '*  in  the  vicinity  of  the  reefs  rather  heavy  gold  is  got  by  sluicing, 
and,  if  a  suitable  spot  be  selected,  the  native  miners  will  obtain,  even  by 
their  rude  methods,  sufficient  gold  to  remunerate  them  for  their  biI>our." 

The  assays  of  quartz  available  at  the  time,  nn«l  which  had  been  matlc 
by  himself,  by  Mr.  Tween  in  the  lalwratory  of  the  Geological  Survey  office, 
and  by  other  analysts,  numbered  137,  of  which  the  following  is  an 
abstract : — 
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If  from  the  above  an  exceptional  sample  from  Wright's  level,  which 
gave  404^  oz.  per  ton,  \ie  omitted,  and  also  picked  siiecimcns  from  the 
same  workings  which  gave  25 i  oz.  per  ton,  we  get  88  samples  yielding 
an  average  of  1  oz.  S  dwts.  22  grains  ))er  ton. 

As  to  the  quality  of  the  gold,  it  has  boon  found  to  be  unequal,  that 
from  the  soils  (alluvial)  being  finest. 
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Two  samples  of  surface  gold  obtained  by  Mr.  King  were  assayed  in 
Calcutta  and  yielded— 

No.  1.  No.  S. 

Gold 93'  90-90 

Silver     ' 7*  8*67 


lOO-  99-57 

The  average  of  six  assays  of  reef  gold  gave — 

Gold 86*86 

Silver  ..........  10*96 

Drom •  2-18 


100- 


Sacb  subjects  as  the  climate^  water  and  timber-supply,  &c.,  are  fully 
dealt  with,  and  also  the  very  important  question  of  mineral  rights  is 
discussed.  Since  the  Qovemment  have  taken  up  this  latter  the  matter  is 
now,  it  is  believed,  on  a  more  satisfactory  footing,  they  having  determined 
to  make  the  terms  of  the  mining  leases  as  simple  and  liberal  as  possible. 
It  is  not  proposed  to  levy  an  y  royalty  or  other  tax  on  the  industry 
for  the  present,  because  it  is  deemed  most  important  to  attract  c<4>ital 
to  the  gold-fields.  The  pioneers  will  have  to  buy  their  experience  in 
many  directions,  and  it  is  undesirable  that  the  first  ventures  should  be 
unsuccessful. 

Mr.  Brough  Smyth,  in  a  special  report  to  Government,  discussed  the 
cause  of  failure  of  the  Alpha  Company.  The  machinery  and  the  manage- 
ment were  both  unsuited  to  the  requirements  of  an  economical  system, 
yet,  in  spite  of  these,  the  gold  obtained  was  from  779|  tons  2  dwts. 
9  grains  and  from  92,266  tons  10  dwts.  12  g^ns  per  ton. 

In  his  concluding  remarks  he  speaks  with  confidence  as  to  the  future 
of  the  industry,  and  says  that  failure  can  only  result  from  want  of  care 
and  forethought  as  the  resources  are  large. 

The  following  estimate  of  the  cost  of  working  a  company  by  Mr. 
Jer.  Ryan*  may  prove  both  interesting  and  useful.  It  is  stated  to  be 
based  on  actual  experience,  but  no  means  of  confirming  its  accuracy  or 
otherwise  are  available  at  present. 

*  Pluaphlel :  KcnnngtOB  aad  Gck,  London. 
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It  being  asBumed  that  a  conceesion  of  value  cannot  be  now  obtained 
at  a  less  cost  than  £60,000^  the  following  would  represent  the  Brstyear'a 
expenditure  :— 

Prioe  pdd  for  concession  ......    iS6O,O0O 

Oo«t  of  machinery,  100  Stamp-beadj  at  £200  each  .        .    £2(),0(X) 

Quo  y«ar'i  working  expen»e« £li,fJ(X> 

Contingencies,  law  charge*.  Sic £8,000 

ToUl  amottnt  of  Capital      £'100.000 

Taking  the  value  of  gold  at  £3-15  the  ounce,  the  return  from  2D«000 
tons  of  etone,  containing  from  3  to  10  dwta.  of  gold  per  ton,  would  be 

as  follows: — 
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Mysore  Province. — In  the  year  1802  Captain  Warren,*  then  engaged 
in  the  survey  of  the  eastern  frontiers  of  Mysore,  in  the  Kolar  district, 
hearing  of  a  rumour  that  gold  had  been  found  at  the  Ycrra  Batcriiie  Hill, 
instituted  enquiries  which  led  to  the  discovery  that  there  were  gold- wash- 
ings near  the  village  of  Wurigam,  the  modern  Urigam  or  Ooregaum,  and 
actual  mining  at  Marcurpam,  the  quartz  which  was  taken  out  being 
pounded  into  dust  by  women  and  then  washed. 

An  Amildar  informed  him  that  Tipu  had  formerly  sent  a  Brahmia 
to  work  the  mines,  but  as  the  cost  equalletl  the  outturn  they  were  given 
up.  But  the  rayata  said  that  this  Brahmin  had  never  personally  visited 
the  mines.  He  mentions  that  in  1800  he  bad  been  told  in  the  village 
of  Cargury,  on  the  Poui-aur,  that  in  prosperous  years,  when  there  was  an 
ample  harvest,  grains  of  gold  were  sometimes  found  in  the  ears  of  paddy 
growing  below  a  tank.  This  sounds  like  a  metaphor  and  suggests  chaff. 
Captain  Warren  regarded  it  aa  a  fabrication  at  first,  but  subsequently, 

>  Thia  flum  ii  arrived  at  as  the  avemgo  of  several  c«timates  of  cost--25,000  tons  at 
9  s.  6  d.- £11.875. 

'  Jour.,  As.  Boc,  Henpnl,  Vol  til,  p.  403.  An  nbstraet  of  this  paper  is  given  in  Ibo 
Slyiora  and  Coorg  Qazcttcc),  Vol  I,  p.  34. 
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hifl  attention  tmviog  }tcen  drawn  to  the  existence  of  gold  at  tiie  other 
localitiet),  he  proved  its  presence  here  hy  the  aid  of  washers  from  Wuri- 
gaiDi  and  thought  there  mi^ht  have  been  something  in  the  story. 
Poddy,  howover,  has  not  cars  like  wheat  or  barley^  and  it  seems  incredible 
that  tlic  rising  plant  ahould  be  able  to  carry  up  g^ins  of  gold  from  the 
8oil.  It  would  appear  from  hii?  descriptions  that  the  laterite  is  aunferons, 
a  very  probable  contingency  where  it  is  of  the  detrital  character.  Over  an 
extended  area,  about  the  Manigatta,  WuUur,  and  Yeldur  Hills  from 
Budikote  to  Ramosamudra,  Captain  Warren  proved  the  presence  of  gold 
in  the  surface  soil  and  in  the  beds  of  rivers.  The  people  who  washed 
were  Dherus  or  Pariahsi  and  he  seems  to  think  that  agricoltoxe  was  for 
them  a  more  profitable  profession. 

Tlje  description  of  two  mines  then  follows,  one  at  Kembly,  80  feet 
^eep  and  with  a  gallery  of  50  feet  ;  the  other  west  of  Surunpally,  which 
WM  45  feet  deep  and  56  feet  in  extent.  It  is  evident  from  the  sections 
given  that  these  were  not  in  solid  rock,  bnt  masses  of  quartx  in  an  ochreoua 
matrix  wero  tiikcn  out  to  be  crushed.  Heyne  alludes  to  WaiTen'a 
researches,  but  speaks  of  the  gold  as  being  only  found  in  small  quantities. 
Specimens  of  gold  in  sUu  from  this  region  appear  to  have  been  collected 
from  time  to  time  by  Captain  Arthur,  Lieutenant  Puckle,^  and  Dr.  Orr.'-* 
Owing  to  accidents  in  tliese  deep  alluvial  mines.  General  Sir  Mark 
Cubbin,  when  Commissioner  of  Mysore,  is  said  to  have  prohibited  any 
more  being  sunk.  Recently  it  has  been  asserted  that  Tipu  hud  a  mint 
for  gold  coin  in  the  neighbourhood  of  Ooregaum.  If  he  had,  it  is 
strange  that  Captain  Warren  did  not  refer  to  it. 

The  recent  growth  of  the  gold  indtistry  in  this  province  can  only  bo- 
gathered,  in  part,  from  the  following  statuments  iu  successive  Admiuis- 
tration  Hoi>ort6.  In  1868  it  was  stated  that  alluvial  gold  was  occasion- 
ally fout*d  j»ear  Rctmangla,  but  in  too  small  quantities  to  repay  labour. 
In  1870  it  is  said  that  washers  earn  4  aimas  a  day  by  washing  at  the 
foot  of  the  Ilemagiri  Hill,  in  the  Huliyurdurga  taluk  of  the  Nuudidrug 
division.  In  l^T'Z-ZS  four  pounds  weight  of  gold  was  found  in  the 
Betmangia  taluk.  In  1873-74  six  pounds  weight  of  gold  was  obtained 
in  Kular,  uud  an  opinion  is  expressed  that  a  proper  system  of  working 
would  prove  the  existence  of  a  considerable  quantity  of  gold  in  certain 
districts.  In  1874-75  three  pounds  weight  of  gold  was  obtained  iu  Kolar 
and  it>  ruiHjes  worth  in  the  Honuali  taluk  of  tlie  Shimoga  district.  Per- 
mission to  prospect  for  gold  and  other  met%'%l8  was  grante<l  to  Mr.  Lavello 
for  three  years.  Leoees  for  twenty  years  would  be  gniuted  to  him  for  blocks 

*  ftalfonr't  (*yclojtfDdui.  ArL — (iold. 
'  JiuliiMi  KconvuibCt  Vol  II,  p.  210. 
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not  oxcecdinj^  2  square  milce  earh  in  extent,  and  ten  in  nnmWr.  The  re- 
port for  1875-76  states  that  the  terms  of  the  Icsasee  had  been  modi(ic<l  and 
that  prospecting  was  progre8«iug.  lo  1876-77,  the  Urigarn  or  Oore- 
gaum  Company  is  referred  to  as  not  then  having  commenced  operations. 
In  the  reports  for  1877-78  and  1878-79  there  is  no  information,  and 
in  the  tabic  on  mines  and  qoarries  the  statistics  of  iron,  stone,  and  ^ol\ 
are  him|>ed  together.  In  the  last  re[)ort,  1879-80,  gold  is  notalhided  t) 
except  in  a  similar  table,  though  it  is  stated  that  iron  and  potstoue  aro 
the  only  minerals  worked  in  the  province. 

Some  information  on  the  gold  of  Mysore  will  be  found  in  tho 
Gazetteer  of  Mysore  and  Coorg,  but  most  of  the  facts  are  derived  from 
the  sources  of  information  given  al>ove.  It  is  statenl,  however,  that 
platinum  has  been  found  with  the  gold  in  the  washings,  and  that  tho 
experimental  crusliing  of  some  quartz  waa  roported  to  have  given  a  return 
of  six  ounces  of  gold  to  the  ton. 

It  is  known  that  the  rocks  of  Kolar,  and  probably  of  the  whole  of 
Mysore,  belong  to  the  metamorphic  or  crystalline  series,  but  there  has 
not  yet  been  any  detailed  geological  survey.  It  is  stated  that  there  are 
numerous  quartz  reefs,*  and  that  17  tons  of  quartz  crushed  on  the 
property  of  one  of  the  companies  yielded  2  oz.  8  dwts.  of  gold  per  ton, 
the  silver  alloy  in  the  gold  being  7|  per  cent. 

If  this  rat«  of  production,  or  perhaps  even  half  of  it,  should  continue, 
it  is  i>o8giblo  that  those  among  the  half  dozen  companies  which  have 
recently  been  started  in  Mysore,  whose  management  is  gocxl  and  whose 

preliminary  expenditure  has  not  been  too  heavy,  have  a  profitable  career 

before   them.     The  climate,  at  tho  average   elevation  of  3,800  feet,  is 

said  to  be  equal  to  that  at  Bangalore;  there  is  a  line  of  railway  close  by, 

aud  labour  and  water  are  abundant. 

Bellary  District— Dr.  Balfour  '-^  BUiios  that  there  is  a  npoi  t  to  the 

^ect  that  gold  was  found  in  streams  near  Camvehully,  and  al   .i   hill 

bearing  the  name  JagerocuUy,  Goodda,  &c. 

The  Bellary  Manual  by  Mr.  J.  Kelsall  does  not,  however,  contain  any 

reference  to  the  real  or  supposed  existence  of  gold  among  the  minerals 

found  in  the  district. 

Hyderabad  or  Nizam's  Territory. — The  occurrence  of  gold-dust 

in  the  bed  ot*  the  Godavari  has  long  been  known,  and  mention  of  it  is 

found  iu  several  works  published  about  the  beginning  of  the  century.* 

<  Uiuing  JonrniU.  Vol.  I.  1880,  pp.  024.  950. 
'  Cyclo|Mw<liii,  Art.— 0«1J, 

»  OrioiiUl  Rrj^crtory,  Vol.  II,  1808,  p.  472  i  auU  MfttcmMcdicaof  Hinduatau,  »)j  Sir 
W.  AioiUc,  1813,  p.  54. 
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According  to  Dr.  Walker, »  there  was  a  gold  mine  about  the  year 
1790  near  tlie  village  of  Goodloor  or  Godalore,  oear  Mung-apet,  where 
the  Kummamet  and  Ramgheer  Circars  raeetj  which  had  been  profitably 
worked  by  the  Paluncha  Raja.  At  the  time  of  his  visit  he  could  hear 
nothing  locally  of  this  mine^  but  learnt  that  washing  had  been  carried  on 
comparatively  recently  in  the  streams  which  feed  the  Godavari  from 
the  south.  It  was  the  custom  to  place  bunds  across  the  streams,  and 
after  the  rains  had  ceased  to  wash  the  sand  so  arrested.  The  washers 
belonged  to  a  peripatetic  race,  who  were  employed  by  a  rich  Bania. 
Owing  to  an  excessive  rent  charged  by  the  Eaja,  operations  ceased  and 
had  not  been  resumed. 

In  the  account  on  a  following  page  of  the  gold-washings  of  the 
Upper  Godavari  district  of  the  Central  Provinces  the  gold  alluded  to 
is  really  brought  into  tlie  Godavari  by  streams  in  Hyderabad  territory, 
and  in  fact  this  Godalore  must  have  been  near  to  and  derived  its  gold 
from  the  same  sources  as  Marrigudem  (or  M arriguram) .  As  there  are 
no  crystalline  rocks  in  the  neighbourhood,  it  is  improbable  that  there 
ever  was  a  real  mine  here.  The  gold  must  have  been  doubly  derivative 
from  Kamthi  rocks.*  It  is  perhaps  therefore  needless  to  add  that  gold 
in  quantity  is  not  likely  to  be  found  at  this  locality. 

Orissa. — Within  the  limits  of  the  province  of  Orissa  gold-washing 
is  or  has  been  carried  on  in  the  Native  States  of  Dhcnkanal,  Keonjhar, 
Pal  Lahara,  and  Talchir.  It  is  a  poor  pursuit,  as  in  so  many  other  parts 
of  the  country,  but  the  fact  is  interesting  as  affording  evidence  of  the 
existence  of  gold. 

Dhenkanal  Town,  Lat.  20''4ii'j  Long.  85' 34'.— Mr.  Stirling* 
alludes  to  a  report  that  gold  is  found  in  some  of  the  streams  of  Dhen- 
kanal,  and  in  the  Statistical  Account  of  BengaH  washing  for  it  is  said  to 
take  place  in  them  to  a  small  extent.  There  was  no  washing  going  on 
there  in  the  early  jiart  of  the  cold  season  of  1875-76  when  the  writer 
passed  through  the  State.  The  i-ocks  chiefly  belong  to  the  older  meta- 
morphic  series,  but  there  are  also  some  Gondwanas. 

Keonjhar,  Lat.  21°  87'  30";  Long.  85'  84' 15".— Tlie  evidence 
of  gold-washing  being  practised  in  Keonjhar  is  identical  with  that  given 
for  Dhenkanal.  There  is  reason  for  believing  that  in  Keonjhar  both 
metamorphic  and  sub-metamorphic  rocks  occur. 


'  MndrM  Journal  of  Lit  and  Scl.  ToL  XVL  p.  183. 
»  Coiif.  King.  W.     Mein  .  O.  S.  I.,  Vy|.  XVII. 
•  Ae.  nc9^  Vol.  XV.  p.  170. 
«  Vol.  XIX,  p.  808. 
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Lahara  Towk,  Lat.  2P  22';  Long.  86*  11'.— In  tlie  BrahmiDi 
river,  where  it  traverses  Pal  Lahara,  gold-washing  is  carried  on  somewhat 
more  actively'  than  in  the  aboveoamed  States,  Further  north,  in  the 
bed  of  the  Brahmaui,  in  the  Bonai  State  of  Chiitia  Nagpur,  there  are  also 
gold- washings,  as  will  he  duly  noted  on  a  future  page. 

Talchib,  Lat.  20^  57';  Long.  85"  33' 30".— Within  the  limits  of 
the  Talchir  State  gold  has  l>cen  washed  for  to  a  small  extent  in  the 
Brahmani  and  its  tributaries,  especially  in  the  Tikaria  and  the  Ouli.  la 
the  former  case  it  is  probably  directly  derived  from  metimorphic  rocks, 
but  in  the  latter  it  must  have  a  doubly  derivative  origin  since  the 
Ouli  flows  through  coal-measure  Gondwana  rocks,  namely,  Kamthis  and 
Barakars.^ 

Bengal ;  Midnapur  District.— In  the  Midnapnr  district  there  were 
21  professional  gold- washers  according  to  the  census  returns.  Tliere 
is  no  published  record  of  the  actual  spots  where  washing  is  practised,  but 
they  must  be  situated  in  the  lieds  of  the  Kasai  (Cossye)  river  and  its 
tributaries.  Throughout  the  greater  part  of  the  district  deposits  of  allu- 
vium and  laterite  prevail,  but  the  older  crystalline  and  the  sub-mctamor- 
phic  rocks  are  exposed  on  the  western  frontier  which  adjoins  Manbhum 
and  Singbhum. 

In  the  year  1855  a  sample  of  gold-dust  from  Midnapur,  which  was 
forwarded  by  Lieutenant  W.  D.  Short,  Executive  Engineer,  was  exa- 
mijied  by  Mr.  Piddington,*  who  discovered  in  it  some  particles  of  a 
yellowish-white  mineral,  which  was  "malleable  and  tough,  would  not 
amalgamate  with  mercury,  and  was  excessively  difficult  of  solution  in 
boiling  aqua  regia,  though  it  certainly  contained  gold.''  He  was  inclined 
to  believe  tliat  it  might  be  a  sulphuret  of  gold,  an  uuknowTi  mineral,  but 
thought  he  detected  a  trace  of  platinum.  Further  and  larger  specimens 
which  he  applied  for  he  does  not  appear  to  have  receivetl. 

Bankuia  District. — Gold  is  reported  to  have  been  obtained  in  very 
small  quantities  in  the  sands  of  the  Dalkissur  at  Baukura,  and  the  state- 
ment is  not  improbably  correct. 

The  absence  of  any  record  as  to  the  occurrence  of  gold  in  tlio 
districte  comprised  in  the  Bhagulpur  Division  is  very  remarkable,  as 
pr'md  facie  the  character  of  the  geology  in  several  of  them  would  justify 
one  in  suspecting  its  presence. 

Chutia  Nagpur  Province.-^The  Chutia  Nagpur  Province  includes 
the  greater  portion  of  the  hilly  region  on  the  south-west  frontier  of 

I  Jour..  A».  Soc..  Benpil,  Vol,  VIU,  p.  1058 ;  Mem.,  0.  3. 1.,  Vol.  I,  p.  88. 
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Bengal.  It  is  snli-(lividG<l  into  the  followiuj^r  four  British  Jistriuts  and 
seven  tributary  States  :  Hivzaribagh,  Maubhuni,  Singhbhum,  Lobardaga  : 
Bonai,  Cbang  Bhakar,  Gangpur,  Jashpur,  Korea,  Sirguja,  and  Udepur. 
From  the  characters  of  the  rocks  found  in  each  of  these  sub-divisions  re- 
spectively, it  is  not  improbable  that  gold  occurs  in  all  of  them.  Whether 
because  it  is  less  abundant  in  some,  as  is  probable,  or  because  it  has 
never  been  properly  searched  for,  the  fact  is  certain  that  in  others  thci*e  is 
a  greater  attraction  for  the  indigenous  gold-seekers.  Judged  by  this 
standard,  which  is  the  only  one  at  present  available,  the  richest  tracts  are 
situated  in  Manbhum,  Singhbhnm,  Gangpnr,  Jashpur,  and  Udaipur. 

Tliat  these,  or  some  of  them,  may  yet  be  the  scene  of  extensive 
operations,  should  the  gold-mining  in  Southern  India  be  successful,  is  very 
possible.  Tlie  imlications  afforded  l)y  the  alluvial  deposits,  of  sources  of 
gold  existing  in  the  rocks  over  several  large  areas,  are  perhaps  quite  as 
striking  in  their  way  as  those  which  have  led  to  the  starting  of  the  gold- 
mining  industry  in  Southern  India.  Quartz  or  reef  mining  and  crashing, 
however,  can  scarcely  be  said  to  have  been  tried  in  this  area,  but  one 
solitary  and  not  very  extensive  attempt  having  been  made. 

Hazaribagh  District. — There  does  not  appear  to  bo  any  published 
record  of  gold  having  been  found  in  this  area,  and  properly  speaking  it 
ought  not  to  be  included  in  this  list.  But  it  is  impossible  not  to  believe 
that  properly  conducted  operations  wonld  reveal  its  presence. 

Manbhum  District. — The  localities  where  gold-bearing  sands  exist 
in  Manbhum  are  very  numerous ;  indeed,  in  the  southern  half  of  the 
district  there  are  probably  few  streams  in  which  gold,  if  seanjhed  for^ 
would  not  be  found. 

By  the  systematic  application  of  the  operations  of  two  gold-washere 
during  a  period  of  three  months  throughout  tliis  southern  tract,  the 
writer*  was  enabled  to  detine  the  area  in  which  the  gold  was  most  abun- 
dant. This  result  not  only  agreed  with  the  traditional  knowledge  possess- 
©d  by  the  gold-washers,  but  it  was  found  that  the  area  in  which  g^ld 
was  comparatively  most  abundant  corresponded  precisely  with  a  tract  in 
which  a  particular  series  of  rocks  occurred.  These  rocks,  consisting 
chiefly  of  magnesian  and  mica  schists,  slates,  and  quartzites,  are  included 
in  the  sub-metamorphic  series;  but  although  gold  was  most  abundant  in 
the  superficial  deposits  within  this  area,  those  of  the  other  portions  of  the 
district,  where  metamorphic  rocks  are  alone  present,  did  not  prove  quite 
barren  ;  in  fact,  the  largest  piece  of  gold  found,  and  which  weighed  1*0 
grains,  was  obtained  in  deposits  derived  from  granitic  gneiss  rocks  uear 
the  village  of  Bhngmundi. 


'  ReamU,  0.  8.  I.,  Vol.  I,  1800. 
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Hie  boiiTirj  ajy  lictweeji  these  two  formations  has  an  east  to  wo«t 
course,  which  roughly  corresponds  to  the  position  of  the  23"  6'  parallel 
of  north  latitude.  Otherwise,  and  more  nearly,  it  may  be  said  to  coin- 
cide with  a  line  drawn  from  Simlapal  on  the  east  through  Bara  Bazaar 
to  a  point  a  little  north  of  Ichagarh  on  the  west,  and  so  on  into  the 
Chutia  Nagpur  highlands.  South  of  this  line  the  sub-motamorphic 
rocks  almost  exclusively  prevail,  and  beyond  the  ManLhnra  frontiers  they 
continue  into  Singhhhum  aad  Lohardiiga,  where  they  maintain  the  same 
characters  as  regards  their  compamtive  richness  in  gold. 

Dunng  the  period  above  alluded  to  a  record  was  kept  of  the  daily 
results  and  of  the  nature  of  the  rocks  in  which  the  washings  were 
made.  The  following  abstract  will  suffice  for  comparison  of  the  pro- 
ductiveness of  the  two  formations  :— 

SuB'Hin'AUOEPHro  Rocks. 
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Comparing  the  results  by  the  number  of  siiccessfol  days  first,  we 
may  say  that  for  gold-producing  the  sub-metamorphic  rocks  are  to  the 
metaroorphicsas  (10U-13-6=)86-4  to  (100- 66=)  34=2-6  :  1 ;  com- 
paring  by  daily  average,  the  proportions  become  '49  :  •lfi  =  q.  p.  3  :  1. 
We  may  therefore  conclude  that  the  sub-metamorphics  are  between  two 
and  a  half  and  three  times  as  productive  of  gold  as  the  metanioridiics,  so 
that  as  the  gold-washers  only  find  a  subsistence  from  washing  in  the 
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Bub-metamorphic  area,  it  is  obvious  that  it  would  not  pay  them  to  work 
Id  that  occupied  by  the  metamorphics. 

The  actual  amount  of  gold  found  was,  it  will  be  observed,  very  small, 
but  the  washers  were  often  working-  on  strange  ground  ;  and  moreover 
they  generally  had  to  make  a  march  of  some  miles  before  arriving  at  the 
scene  of  their  operations,  to  which  must  be  added  also  that  their  days* 
wage  being  certain,  they  generally  contented  themselves  with  a  very 
limited  amount  of  physical  exertion. 

The  rivers  which  contain  most  gold  in  this  area  are  the  Subanarekha 
and  its  tributaries,  the  Karkari  and  Bamni,  on  the  west  of  the  area, 
and  the  Kasai  and  its  tributaries,  the  Tutko  and  Kowari,  on  the  east. 
Besides  these,  many  of  the  streams  in  the  neighbourhood  of  the  Dalma 
hill  range  and  in  the  Supur  pargana  might  be  enumerated. 

In  Supur,  near  the  village  of  Namra,  Lat.  22"  54' 30* ;  Long.  86**  36', 
there  is  an  excavation  supposed  to  have  been  a  gold  mine,  and  it  is  so 
indicated  on  the  map.  The  natives  had  some  rather  vague  tradition  of 
images  of  gold  and  silver  bulls  having  been  found  there.  Close  by,  gold 
is  said  to  be  found  in  scrapings  from  the  roads  which  are  washed  on  a 
small  scale  by  the  Dhoraa  or  Dokhras  (  =  Jhoras)  during  the  rains. 

Gold- washing  was  tried  by  a  European  a  few  years  ago  on  the  Kar- 
kari riyer,  near  Ichngarh,  Lat.  23°  %'  15',  Long.  86,*  the  chief  town  of 
Patkum,  but  with  what  measure  of  success  is  not  known.  The  process  of 
gold- washing  in  practice  in  Manbhum  is  identical  with  that  in  Singh- 
bhura,  and  need  not,  therefore,  be  separately  described. 

Singhbhum  District. — In  Singhbbum  gold  occurs  in  very  much  the 
same  manner  as  it  does  in  Manbhum,  the  gold-bearing  rocks  being  in 
unbroken  connection  throughout  and  forming  one  united  tract,  with  this 
difference,  that  in  Singhbhum,  so  far  as  is  certainly  known,  the  sub-meta- 
morphic  rocks  alone  contain  gold.  Tliese  rocks  surround  a  trap-tra- 
versed area  of  old  granitic  gneisses,  which  are  probably  older  than  the 
general  metamorphic  rocks  of  Manbhum  ;  these  latter  are  also  repre- 
sented in  the  western  highlands  of  Singhbhum,  where  tliey,  too,  are 
possibly  auriferous,  but  to  a  less  extent  than  the  sub-metamorphics. 

In  Manbhum  quartz  reefs  are  not  abundant  in  the  sub-metamorphio 
rocks,  and  the  washings  seemed  to  point  to  the  magncsian  schists,  and 
certain  bluish  quartzites  as  Iwing  the  sources  of  the  gold.  In  Singhbhimi, 
especially  to  the  north  and  west  of  Chaibassa,  quartz  reefs  arc  abun- 
dant in  some  earthy  shales  and  slates,  and  it  seeme  probable  that  they  may 
prove  to  contain  gold.  The  only  nugget  seen  by  the  writer  in  Singh- 
bhum was  in  a  quartz  matriXf  and  gold  is  said  to  have  been  obtained  by 
quartz  crubhing  at  Landu. 
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The  most  noteworthy  places  where  gold  has  been  found  in  Singhbhum 
•re  Kamerara  and  the  Kapargadi  ghfit  in  Dhalbhum,  Landu  in  Seraikela, 
Asantoria  in  Kharsawan,  Sonapet,  Porahat^  and  Dhipa  in  Sarunda. 

Before  giving  the  known  details  regarding  these  localities,  it  may  be 
well  to  describe  the  gold- washers  and  their  operations,  it  being  uuder- 
stootl  that  they  apply  equally  to  those  of  Manbhnm,  and  indeed,  with 
local  nnHlificatiouB,  to  all  throughout  the  greater  part  of  Peninsular  India. 

The  class  who  more  particularly  follow  the  trade  of  gold-washing 
belong  to  a  tribe  of  Gonds  known  as  Jhoras,  Dhoras,  Dokras,  Toras,  or 
Jharas,  according  to  locality.  The  name  Jhora  is  said  lo  be  derived 
from  jkori^  a  small  stream,  but  Dhora  may  be  derived  from  dkona,  to 
wash.  In  the  case  of  these  people  both  sexes  engage  in  the  pursuit, 
but  the  Ghasis,  a  local  tribe  of  unknown  origin,  also  occasionally  wash 
for  gold.  Among  them  the  men  only,  while  among  certain  Kol  or 
Munda  tribes  to  the  west  of  Singhbhnm  the  women  wash  for  gold,  while 
their  male  relatives  regard  the  work  as  an  unworthy  occupation  for  their 
sex.  The  methods  employed  by  these  different  tribes  appear  to  be  identi- 
cal in  all  essentials.  Each  occupies  a  distinct  tract,  and  i)oaching  on 
one  another's  favourite  streams  is  not  indulged  in  to  any  great  extent. 

The  wooden  dish  used  for  washing  measures  on  an  average  about  28 
by  18  inches  for  the  men,  smaller  ones  being  used  by  the  women  and 
children  among  the  Jhoras.  The  dish  is  hollowed  somewhat  eccentrically 
to  a  maximum  depth  of  2  J  inches.  A  scraper  formed  of  a  flattened 
iron  book,  set  in  a  handle,  is  used  to  collect  the  auriferous  sand  and 
gravel  which  accumulates  in  the  angles  formed  by  the  rocks  in  the  beds 
of  the  stream.  The  dish  when  filled  is  placed  in  shallow  water,  and  the 
operator  working  with  his  hands  soon  separates  and  throws  aside  all 
the  coarser  gravel  and  stones,  while  the  agitation  of  the  water  serves  to 
carry  away  all  the  mud  and  lighter  portions.  The  dish  is  then  balanced 
on  the  palm  of  the  left  hand  and  oscillated  to  and  fro  with  the  right] 
this  serves  to  throw  off  the  greater  portion  of  the  remaining  gravel, 
and  the  process  is  completed  by  a  circular  motion,  which  is  com- 
municated to  the  water  in  the  hollow  of  the  dish,  by  which  even  the 
smallest  particles  of  foreign  matter  are  separated,  and  the  final  result  is 
a  residue  of  black  iron  sand  in  which  the  specks  of  gold  are  readily 
apparent ;  but  as  mercury  is  not  employed  in  this  part  of  the  country,  all 
the  very  small  and  invisible  gold  is  lost.  The  illustration  Plate  IV  will 
probably  enable  the  reader  to  realise  the  appearance  presented  by  these 
gold-washere  when  pursuing  their  trade. 

The  daily  earnings  of  the  gold-washcrs  are  small,  but  might,  no  doubt 
be  increased  if  it  were  not  that  they  are  always  satisfied  when  enough  gold 
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iias  beeu  foimd  for  procuring  the  day's  BubBistence.  Colonel  Haug-bton 
in  1854)  st>ated  that  the  Ghasis  could  always  reckon  on  eArniug^  from 
three  to  four  pice  per  day ;  he  was  assured  that  a  vigorous  man  often 
got  as  much  as  twelve  annas,  which>  as  the  ordinary  rate  of  ik'ld  labour 
was  about  one  pice,  must  be  considered  a  very  large  sum.  ^  Mr.  Robinson 
found,  in  a  trial  which  he  made  at  Rabkob,  in  Udepur,  that  men  to 
whom  he  paid  one  anna  could  produce  for  him  from  three  to  four  annas 
worth  of  gold.  Colonel  Dalton  states  that  the  washers  themselves  regard 
it  as  a  very  poor  trade,  simply  yielding  they  say  pSC  bhnr  (bellyfull). 
Dr.  Stcehr,  in  his  paper  on  Singhbhura,  recorded  that  he  found  the  average 
daily  earning  to  l:>e  about  25  centimos  (rather  more  than  an  anna  and  si 
half) .  The  men  met  with  by  the  writer  stated  that  they  could  earn  about 
an  anna  a  diiy  and  occasionally  three  or  four  annas. 

Kamehaua,  Lat.  22°  15' ;  Long.  86°  43'  30".— According  to  Colonel 
Ilaughton,  gold  has  been  found  in  t)ie  bed  of  the  Sabanarekha  at  this 
locality,  which  is  on  the  eastern  margin  of  the  rocky  tract.  He  states 
his  belief  that  the  sands  of  this  river  continue  to  contain  gold  from  thence 
to  the  sea. 

Kapabgadi  Ghat,  Lat.  22°  30' ;  Long.  80°  23'.— A  nugget  of  gold 
shown  to  the  writer  when  in  Singhbhum  was  said  to  have  been  found 
close  to  the  pass  on  the  Midnapur  road  through  the  Kapargadi  hills. 

Landu,  Lat.  22"  43' 30";  Long.  86'  15'.— At  Lnndu  and  various 
other  places  the  copper  ores,  which  will  be  described  on  a  future  page, 
were  found  to  be  auriferous  to  a  small  extent.* 

A  Mr.  Emerson  was  employed  by  the  Singhbhum  Copper  Company 
specially  to  investigate  the  gold  resources  of  the  country.  He  is  said  to 
have  crushed  a  quantity  of  quartz,  but  there  is  no  available  record  as  to 
the  results  which  he  obtained. 

AsANTOiiiA,  Lat.  22'  44';  Long.  S5"  61'. — At  Asantoriaor  Assuntullea 
gold  is  said  by  Colonel  Haughton  to  occur  in  silu^  but  it  appeal's  from  the 
context  that  it  is  not  to  be  understood  that  it  was  actually  found  in  the 
rock  there,  but  the  locality  being  higher  than  the  neighbourhood  it  was 
concluded  that  the  matrix  was  close  by.  Dr.  Stushr  mentions  gold- wash- 
ings at  Baritopa,  in  the  neighbourhood  of  Kharsawan. 

SoNAPET,  Lat.  22°  58';  Long,  bb""  W  30".— Sonapet,  or  the 
'  mother  of  gold,'  is  the  valley  of  the  Sonai  river  to  the  north-west 
of  Kharsawan.  All  wnters  on  the  district  refer  to  it  as  containing  more 
gold  than  other  parts  of  the  district.    Some  years  befoie  185 1  nuggets 
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were  found  there  nccorJing  to  Colonel  Ilaughtou/  but  the  dnder  never 
<livulg:ed  the  secret  of  the  exact  spot. 

PoRAUAT,  Lat.  2^°  86';  Long.  85^  30 '.—Colonel  Haughton''  alludea 
to  a  ti*a<litiou  of  a  regular  gold  mine  having  been  driven  into  the  side 
of  a  hill  in  the  jungles  of  Porahat.  No  trace  of  this  mine  remains  at 
present.  Gold- washing  is  carried  on  in  the  streams  of  Porahat  by  the 
women  only  of  the  Munda  inhabitants. 

Saeanda. — In  Saranda^  which  is  a  hilly  elevated  tract  in  Singh- 
bfanm,  intervening  between  the  main  area  of  Singhbhum  and  Gangpur, 
gold  is  washed  for  to  some  extent.  Its  occurrence  in  Ananda))ur  and  at 
Arabhanga  is  recoixied  by  Colonel  Haugliton.*  The  latter  name  does  not 
appear  on  the  map,  but  close  to  the  former,  at  Dhipa,  gold-washing  was 
witneflsed  by  the  writer.* 

Dhipa,  Lat.  22*^  20' ;  Long.  85"  16'.— The  bed  of  the  Koel  river 
near  Dhipa  ^nelds  a  small  amount  of  gold.  The  pay  dirt  was  8(>ra|NiHl 
out  from  the  nooks  and  crevices  of  some  protruding  rocks.  Doth  sub- 
metaraorphic  and  metamorpliic  rocks  occur  in  this  region.  Colonel 
Haughton  on  his  map  represents  the  beils  of  the  Koel,  Karo,  Sunk,  and 
the  Brahmini,  which  is  formed  by  the  junction  of  the  three,  as  gold- 
bearing,  and  they  are  so  no  doubt  iv  some  extent. 

Lohardaga  District. — ^l^he  Kanchi  river,  in  Lohardag.<»,  contains 
gold-bearing  sands,  which  are  derived  probably  from  the  same  series  of 
rocks  as  those  included  in  the  adjoining  auriferous  tract  of  Manbhum 
and  Singhbhum.  There  are  reports  of  gold  having  been  found  in  the  Sone 
river  on  the  frontiers  of  (he  Palamow  sub-division,  but  there  are  no 
published  notices  on  the  subject, 

Bonai  State.— Bon ai  Town,  Lat.  2P  49';  Long.  85"  1'.— As  al- 
ready mentioned,  gold  occurs  and  is  washed  for  in  the  bed  of  the  Bmh- 
mini  in  Bonai.' 

Gaingpur  State. — Within  the  limits  of  this  State  gold-washing 
takes  place  in  the  bed  of  the  Kbe  and  in  those  of  some  of  its  tribuUiries, 
more  particularly  in  the  Icha,  as  is  indicated  on  the  topogi-aphical  survey 
map;  Lat.  22°  6'  30';  Long.  83'  55'  30'.  This  gold-bearing  region 
iidjoins  those  next  described  in  Jashpur  and  Udepur. 

Surgeon  Breton,  in  his  paper  quoted  already,  in  reference  to  the 
diamonds  of  this  region,  states  that  there  were  gold  mine«  in  Gangpur 


•  L.  0..  p.  111. 
■  JL  tf.,  p.  107. 

»  Jour.,  As.  Soe.,  Brnffnl,  Vnh  XX 1 11,  p.  107. 

•  Jungle  Lifo  ill  India,  ]\  Wl. 

•  »Uttttic«l  Account  of  Bcupnl,  Vol.  XVII,  p.  167. 
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and  Jaahpur  just  large  enough  tor  a  man  to  descend,  but  of  considerable 
extent  Lelow.  In  the  Gangpur  mine,  an  account  of  which  was  to  he 
submitted,  large  pieces  of  pure  gold  were  stated  to  have  been  found.' 

There  is  no  record  of  any  gold -washing  being  carried  on  in  Korea 
and  Chang  Bhakar  States,  and  although  gold  is  enumerated  in  a  list  of 
the  products  of  Sirguja  by  Colonel  Ouseley,^  it  is  not  sought  for  thereat 
present. 

Jaehpur  State. — Colonel  Ouseley,'  when  forwarding  to  the  Govern- 
ment specimens  of  gold  for  assay,  specitically  xneutions  the  village  of 
Pharsabahal  as  the  locality  from  whence  they  were  derived.  Other  autho- 
rities are  leas  precise,  and  indeed  it  is  not  quite  clear  whether  portions 
of  the  following  remarks  refer  to  Jashpur  or  to  Udepur. 

Mr.  Eobiason,  in  a  letter*  dated  December  1849,  speaks  of  shafte 
sunk  to  depths  varying  from  20  to  60  feet,  and  which  are  very  close 
to  one  another  as  the  people  are  afraid  to  run  galleries.  In  places 
the  ground  resembles  a  gigantic  rabbit  warren.  Sometimes  these  old 
gold-bearing  alluvial  deposits  crop  out  in  the  banks  of  the  rivers.  Be- 
sides washing  for  the  gold  in  the  ordinary  wooden  dishes,  the  people 
here  arrange  small  water-ccurses  before  the  rains  so  as  to  catch  the  soil 
in  which  a  large  proportion  of  gold  is  found ;  these  are  cleared  out  from 
time  to  time.  Mr.  Robinson  writes  that  the  late  Raja  of  Jashpur, 
Ram  Singh,  had  worked  these  mines  with  success,  but  owing  to  an 
accident  in  one  of  the  sbufts,  by  which  a  number  of  people  lost  their 
lives,  operations  ceased.  His  son,  the  then  Raja,  considered  such  work 
beneath  his  dignity.  Mr.  Robinson  states  that  the  Government  at  the 
next  settlement  (in  1850)  intended  to  reserve  the  mineral  rights  to 
themselves,  and  he  purposed  applying  for  a  lease,  having  no  doubt  that 
be  would  be  able  to  get  one  for  a  good  term  of  years,  believing  tliat 
these  mines  must  pay  splendidly.  The  late  Colonel  Dalton'  gives  a  very 
full  account  of  the  operations  of  the  Jhoras  or  gold-washers  of  Jashpur. 
They  find  it  more  profitable  to  work  the  ancient  dei>osits  than  to  wash 
the  sands  of  the  river  beds.  On  both  sides  of  the  Ebe  or  lb  river 
there  are  tracts  at  some  distance  from  the  banks,  which  are  honey-combedj 
with  shafts  sunk  by  successive  generations  of  gold-seekers.  These 
shafts  are  from  10  to  SO  feet  deep.  The  gold-bearing  statrum  is  a  layer 
of  pebbles  and  fragments  of  quartz  which  underhes  red  soil  and  vcgo- 


*  Mfldico  Topography  of  Ceded  Provinces,  1836. 

»  Jour.,  An.  8oc .  Bengal.  Vol.  XVII,  1848^  P.  65. 

•  Idem,  Vol.  XXm.  p.  110. 

*  Jdtm,  p.  107. 

•  Idtm,  Vol.  XXXIV,  Part  II,  p.  13. 
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table  humus.  Tlie  stuff  selected  is  of  a  dirty  drab  or  Teddish  colour 
with  ocoasional  balls  of  docomposed  felspar^  which  latter  are  regarded  as 
the  sureet  indication  of  the  presence  of  gold.  The  decomposed  grauitio 
rock  upon  which  this  layer  reposes  is  not  generally  washed,  bat  Colonel 
Dal  ton  found  that  it  was  likewise  auriferous  but  to  a  less  degree. 

Five  fihoffa  were  in  operation,  one  family  to  each,  as  the  women  and 
children  assist,  and  each  family  has  its  dttin  or  washing-di^h.  Accidents 
occasionally  fiappen  from  the  falling-in  of  the  shafts. 

The  yield  is  very  uncertain.  The  outturn  from  the  five  shafta 
obtained  during  four  hours  in  Colonel  Dalton's  presence  would  not  have 
given  more  than  half  an  anna  a  head  to  those  employed,  but  occasionally 
as  much  as  half  a  tolah,  or  say  Rs.  6  or  Rs,  7  worth  of  gold  wasobtoiued, 
according  to  the  statements  of  the  washers.  No  mercury  was  used,  only 
the  visible  gold  being  saved.  The  particles  were  angular  and  not  worn 
by  attrition.  As  is  commonly  the  case,  these  men  wei-e  much  indebted 
to  the  money-lenders,  one  being  pointed  out  as  owing  Rs.  ],Q0O. 

Colonel  Ouseley's  locality,  above  alluded  to,  is 

Phabsabahal.  Lat.  W30' ;  Long.  83°  65'  33'  (A.  S.,  105»  S.  W.) 
From  this  locality,  which  is  about  4  miles  to  the  west  of  the  £bo, 
Colonel  Ouseley  forwarded  Rs.  11  weight  of  gold  obtained  from  mines. 
£ach  village  is  bound  to  pay  a  certain  weight  of  gold  annually  to  tho 
Raja,  the  heads  of  villages  (Tlkadars)  buying  from  the  Jhorasand  paying 
for  it  iu  rice.  The  following  reports  on  all  the  gold  forwarded  by  Colonel 
Ouseley  were  issued  by  th«  Mint  Master,  Colonel  \V.  N.  Forbes  : — 
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A  few  years  ag^  the  Geological  Survey  Museum  received  from  Colonel 
Dalton  a  nugget  which  was  obtained  in  Jashpur.  It  weighed  on  receipt 
221*87  grains,  and  after  cleaning  199*6  grains.  On  aesay  13'562  grains 
gave— 


Gold   chloride 
SUver      „ 


12836  ^ 
0  93   )=P<'^«'^t- 


G<.ld 
Silver 


94-64 
515 

99-79 


The  specific  gravity  was  15*24.  The  facts  just  given  and  those 
mentioned  below,  with  reference  to  the  States  of  Gangpur  and  Udepur, 
establish  beyond  a  possibility  of  doubt  the  existence  of  an  ancient  alia- 
vial  gold-bearing  deposit  at  intervals  throughout  a  tract  not  far  short  of 
2,000  square  miles  in  area.  A  considerable  portion  of  this  area  is  hilly, 
the  rocks,  so  far  as  they  are  known,  belonging  to  the  metamorphic 
series ;  but  since  there  is  evidence  that  diamonds  have  been  found  in  the 
Ebe  river,  it  may  be  that  an  outlier  of  the  Vindhyan  series  exists  there. 
To  the  west  and  sooth  of  this  hiorhland  tract  there  are  Gondwana 
rocks,  including  the  coal-measures  of  the  extensive  Raigarh  and  Hingir 
field  ;  outliers  of  the  Deocan  trap  occur  to  the  north-east.  The  principal 
rivers  of  this  tract  are  the  Mand  and  Ebe,  with  numerous  tributaries- 
As  there  is  always  water  in  the  Ebe,  it  is  possible  that  some  system  of 
hydraulic  mining  might  1)C  applicable.  Be  that  as  it  may,  there  cannot 
but  be  gold-bearing  reefs  from  which  all  this  gold  has  been  derived. 

Udepur  State :  Rabkob,  Lat.  25' 28' 80';  Long.  83"  17'  (A. S.,  105 
S.W.) — Rabkob  is  the  chief  town  of  the  State  of  Udepur.  Some  of  the 
early  accounts  of  the  washings  and  the  assays  of  gold  from  them  do  not 
very  clearly  distinguish  between  those  of  Rabkob  and  Jashpur,  which 
are  separated  from  one  another  by  about  40  miles. 

Colonel  Ouseley*  was,  it  is  believed,  the  first  to  call  attention  to  these 
washings,  which  he  did  in  a  report  to  Government,  dated  1847  ;  there 
were  then  only  three  families  of  gold-washers  at  Rabkob,  and  at  the 
localities  mentioned  below  there  were  no  resident  washers,  and  the  gold 
was  said  to  be  of  inferior  quality  to  that  from  Rabkob.  It  was  sold 
at  from  Rs.  10  to  Re.  12  a  tola.  Although  these  workings  are  spoken 
of  ae  mines,  and  went  to  considerable  depths,  as  in  Jashpur,  they  were 
not  in  the  original  matrix  rock,  but  in  detrilal  deposits  from  the  metamor- 
phic rocks.  The  first  samples  of  dust  yielded,  on  assay  by  Mr,  Do<ld, 
gold,  91-667 ;  silver,  3646 ;  alloy,  4687  =  100.  Colonel  Ouseley  remarked 
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tltat  this  dust  hod  less  the  appi^arancc  of  Iiaviug  been  worn  and  flatteued 
than  bad  that  usually  washed  from  sands. 

In  1849  Mr.  Robinson  took  a  lease  of  the  village  miU  liberty  to  work 
the  minei  from  Gocernmenif  and  left  a  European  agent  to  conduct 
operations,  who,  however,  was  afterwards  compelled  to  leave  In  conee- 
quence  of  fever.  Indeed,  it  may  be  added,  the  unhealthinees  of  this 
region  must  always  prove  a  drawback  to  operations  under  European 
management.  The  gold  o>)tained  was  sold  for  Rs.  14J  per  tola  in 
the  Calcutta  bazaar,  that  being  the  value  put  npon  it  at  the  Mint. 
The  result  of  Mr.  Robinson's  trial  was  that  a  man  to  whom  he  paid  1 
anna  could  earn  for  him  from  3  to  4  annas  worth  of  gold. 

In  1865  this  locality  was  visited  by  the  late  Colonel  Dalton,*  Com- 
missioner of  the  division,  who  has  written  that  the  production  of  gold 
was  restricted  by  the  number  of  washers,  there  being  only  six  families  of 
them. 

These  people  were  at  work  in  pits  similar  to  those  in  Jashpur.  The 
produce  of  a  day's  washing  for  each  dnin  or  dish  was  only  three  grains, 
which  led  Colonel  Dal  ton  to  suppose  some  deception  had  been  practised, 
as  the  Raja  of  Sirgnja,  who  contemplated  making  a  monopoly  of  the 
industry,  was  with  him.  Judging  from  experience  in  Singhbhum,  how- 
ever, this  amount  was  probably  rather  above  than  below  the  average 
earnings. 

The  other  localities  in  Udepur  mentioned  by  Colonel  Ouseley  as 
being  gold-pi^oducing  are— 

Kamhar,  on  the  Korija  river,     Lat.  22^35' ;       Long.  83°lS'ln'^ 
Bairaoi,  )    on  the       r  Lat.  22"4^'15';  Long.  83^r30'i 

Salka,  f    Sangul      j  Lat.  2^43  20';  Long.  83°22'30'( 

KHANDRAJAn,  ^  Hvcr  ^  Lat.  22°43'4;i' ;  L.jng.  83'26'30'f 
Bakaruma,  on  the  Bharari  river,  Lat.  2i°3l'45';  Long.  83'29' 
Jamaugi,  on  the  Maini  river,  Lat.  22''34'3U';  Long.  83^48' 
Central  Provinces, — Auriferous  sands  occur  in  most  parts  of  the 
Central  Provinces,  where  there  are  exposures  of  the  older  crystalline 
ro^rks. 

The  census  returns  of  1872  give  the  total  numljcr  of  persons  whose 
trafle  is  gold-washing  at  215.  Out  of  the  four  divisions  under  which 
the  districts  are  classified  the  Narbada  Divibion  alone  returns  no  gold- 
washers.  The  other  divisions  contribute  as  follows  :  Nagpur,  139  ;  Jabal- 
pur,  52  ;  Chatisgarh,  12.  The  Upper  Godavari  District,  which  is  classed 
separately,  and  one  of  the  districts   included    in  the  Jabalpur   Division, 
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Iiave  no  goltl-waehers,  the  latter  being  Mandla^a  fact  easily  connected 
with  its  ge<:»logy.  The  rocks  are  chiefly  trappean,  but  it  may  be  that 
even  in  this  district  towards  the  souths  where  traversed  by  the  Bunjar 
river,  gold-bearing  sands  occur,  since  earn  pies  of  gold  from  the  bed  of 
that  river  are  now  in  the  Nagpur  Museum^,  but  whether  obtained  within 
the  limits  of  Mandla  or  Balaghat  is  not  stated.  As  regards  the  Upper 
Godavari  District,  gold- washing  does  take  place  there,  wherever  the 
washers  come  from. 

Chatisgarh  Division :  Sambalpur  District.— The  censns  returns 
only  give  ten  persons  as  being  employed  as  professional  gold-washers  in 
Saral>alpar.  This  is  not  improbably  an  nnder-estimate.  In  the  chapter 
on  Diamonds  the  persons  who  practise  gold- washing  in  this  district 
have  been  already  described.  The  head-quarters  of  the  principal  colony 
are  at  Jhunan,  on  the  Mahanadi,  about  9  miles  north-west  of  Sambal- 
pur. Most  of  the  early,  already  quoted,  accounts  of  Sambalpur  dia- 
monds refer  also  to  the  fact  of  the  Mahanadi  and  several  of  its  tribu- 
aries  containing  auriferous  sands.  Although  the  actual  localities  where 
gold-washing  is  carried  on  arc  numerous,  it  will  V>e  sufficient  to  relegate 
what  has  to  be  said  on  the  subject  under  two  localities  where  gold- wash- 
ing was  witnessed  by  the  writer.  These  are  Sambalpur  town  on  the 
Mahanadi  and  the  village  of  Tahud  on  the  Ebe. 

Sambalpuk,  Lat.  21°  28';  Long.  84"  2'. — Close  to  Sambalpur  town 
the  banks  and  bed  of  the  river  contain  gold.  In  Colonel  Ouseley^s 
time  it  used  to  be  found  as  far  down  as  Sonpur,"  The  various  tribu> 
taries  of  the  Mahanadi  which  traverse  the  metamorphic  rocks  are  all 
probably  more  or  less  gold-bearing.*  The  early  writers  did  not  recognise 
the  probability  of  the  gold  and  diamonds  being  derived  from  different 
sources.  As  both  were  found  together  in  the  bed  of  the  Mahanadi,  they 
were  supposed  to  come  from  the  same  rocks.  The  diamonds  have  been 
shown  on  a  previous  page  to  be  traceable  back  to  the  Lower  Vindhyan  rocks, 
while  the  gold,  though  possibly  in  part  coming  from  th©  same,  is  chiefly 
derived  from  the  metamorphics.  At  Jhunan,  on  the  Mahanadi,  there  ia 
a  small  colony  of  gold-washers,  who  travel  to  the  diCTerent  localities  when 
the  water  falls  after  the  rains. 

Tahud. — Near  Tahud,  on  the  Ebe  river,  a  party  of  the  above  washers 
were  seen  encanifK?d  and  at  work  by  the  writer.*    The  spots  where  they 
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were  then  washing  were  within  the  area  occupied  by  rocks  of  Talchir 
age,  but  whether  the  gold  had  been  proximately  derived  from  these, 
or  had  been  brought  down  from  the  neighbouring  metamorphic  area,  it 
was  impossible  to  decide.  There  is  of  course  no  primd  facta  improbabi- 
lity in  these  Talchir  rocks  containing  gold  ;  on  the  contrary,  the  boulder 
bed,  containing  as  it  does  such  a  large  proportion  of  materials  directly 
derived  from  the  metamorphic  rocks,  might  naturally  be  expected  to  in- 
clude gold.  The  occurrence  of  gold  in  the  sandstones  of  the  Talchir 
field  has  already  been  mentioned,  and  similar  cases  will  be  found  in 
reference  to  still  younger  deposits  on  future  pages.  In  Australia,  a  con- 
glomerate bed  of  carboniferous  age  is  known  to  be  auriferous.^ 

Bilaspur  District. — According  to  the  census  there  are  only  two 
gold-washers  in  the  Bilaspur  District.  The  only  recorded  locality  where 
gold  is  known  to  occur  is  in  the  Jonk  or  Jong  river,  near  Sonakhan. 

SoNAKUAN,  Lat.  Zr  25';  Long.  82*' 38'. — Whether  this  place  owee 
its  name  to  the  fact  of  there  having  been  a  gold  mine  there  is  not  known, 
but  Captain  Wilkinson  '  ia  our  authority  for  saying  that  the  Jonk  river 
in  this  vicinity  is  auriferous.  Although  it  is  believed  thai  Sonakhan  itself 
is  on  the  margin  of  the  Lower  Vindhyan  rocks  of  the  Chatisgarh  basin, 
it  is  known  that  a  considerable  portion  of  the  course  of  the  Jonk  south 
of  Sonakhan  is  through  metamorphic  rocks.  The  sources  of  the  river, 
however,  are  situated  in  the  outlying  tract  of  Lower  Vindhyan  rocks  near 
Nowagarh- 

Raipur  District. — There  were  12  gold-waahers  in  Raipur  in  1872. 
It  is  not  known  in  what  parts  their  operations  are  principally  carried  on. 
Captain  Wilkinson  states  that  gold  is  procurable  in  the  Mahanadi  at 
Rajoo.^     The  only  place  of  similar  name  on  the  Mahanadi  is  Rajim. 

Rajim,  Lat.  £0°  68';  Long.  81°  56'. — Rajim  is  situated  on  Lower 
Vindhyan  rocks.  It  is  possible  that  the  gold  may  have  reached  the 
Mahanadi  by  its  tributary,  the  Pairi,  which  passes  through  metamorphic 
rocks  1 2  miles  off  in  Nowagarh,  though  that  would  be  rather  far  for  it 
to  travel. 

Bbandara  District. — In  this  district  there  are  only  three  profes- 
sional gold-washers.  Oold-bcoring  sands  occur  in  streams  near  Amba- 
garh  and  Thirora.  The  Son  nala  is  mentioned  also  as  gold-bearing,  but 
ai  it  does  not  appear  on  the  maps  it  may  be  one  of  the  above. 

Ambaoakh,  Lat.  21°  26'  30' ;  Long.  79'  43'  80',— According  to 
Mr.  Wilkinson,^  the  Maroo  stream,  in  Amborah  pargana,  used  to  produce 
gold.     As  there  was  formerly  a  pargana  called  Ambagarh,  it  is  probable 

'  Geologicd  Ma^xine.  1877.  p.  289. 
>  cm.  Jour.,  Nftt  HIat.,  Vol.  III.  p.  292. 
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that  thftt  waft  the  place.     The  position  y:iven  above  is  that  of  the  town 
of  Auiliu^arh. 

Thiuora,  Lat.  ai*  iV  8u';  Long.  79**  59', — An  unnamed  tributary 
of  the  VVainffangn,  near  T)iirora,'  is  said  to  contain  auriferous  sands. 

In  the  Central  Piwinces  Gazetteer  it  is  stated  that  the  gold  of  the 
Dhuitdam  District  is  somewhat  impure,  only  brLngiog  from  Re.  10  to 
lis.  12  per  tola.  Mercury  is  employed  in  separating  the  particles  from 
tho  sand.  The  geology  of  Bhandara  has  not  yet  been  fully  ascertained, 
bnt  tho  older  metamorpbic  rocks  are  known  to  occur  there  as  also  some 
MUidaionefi,  &o.,  of  Lower  Vindhyan  age. 

Ohanda  District. — According  to  the  census  of  IbTi  there  are  only 
•ix  prcifttMional  gold-washers  in  this  district.  The  search  for  gold  is 
oairied  cu^  it  is  believed,  in  the  eastern  parts  of  the  area,  where  metamor* 
phio  rocks  prevail,  but  there  are  no  published  details  as  to  the  actual 
ftraams  in  which  it  is  found. 

Bala^hat  Difltrict.— The  census  retura  of  Ibli  gives  the  nnmber 
of  gold'^washers  living  in  the  Balaghat  district  as  being  one  only,  bnt  as 
gold  is  known  to  be  washed  in  several  places  it  is  probable  that  either 
Uie  gold-washen  of  Nagpnr,  who  are  returned  as  numbering  103,  annci. 
■lljr  migmte  into  Bdn^mt,  or  the  actoal  washers  have  some  othtir  tcade 
tuidor  which  Umj  bavo  been  daesed.  The  aoriferous  stveams  of  Una 
diatriet  are  aitoatod  in  the  Lanji  and  Dfaanaoa  paigaaas.*  The  roeks 
ba&oiig  to  tlkC  older  metamorpbic  series. 

Laiin,  LaL  tV  30  ;  Long.  80'  36'.— This  is  the  positioii  of  the 
town  of  Laaji,  bat  it  is  in  two  of  the  prindpal  riveia  of  the  pargaaa 
of  the  aaoM  name,  namdy,  the  Son  and  Deo,  that  the  aviferoas  aands 
ocenr.  Aa  being  gold-pradneing,  these,  espeetaUy  the  finsi  (which  piOi* 
bnb^  owea  its  name  to  the  tuct),  hare  kmg  been  knovn. 

Captain  Joaktns,*  Mr.  WiUdnson/  and  the  Reir.  Heam.  Hislop  and 
Hunter,'  all  aOnde  lo  the  gold  aands  near  I«ojL  And  it  is  prohnUjr 
in  conaaqnenee  of  tba  mentioo  of  it  in  tfaa  pnpor  by  the  laai-aanltantad 
anthoritMa  that  this  hxalitj  bw  reoatved  moire  ootiee  in  Eoropcan  wovka 
tbnn  auajr  «<lben  in  India.  Aa  stated  above,  tbara  an  gold-heanng 
tnnds  alsoia  sQBie  pvta  of  the  Bnnjar  rirer. 

Paxcbiba,  LaL  il*"  55';  Umg.  80^  KT.^Acconling  lo  tbe  CtA. 
timl  Pir>>vinoBa  OnsBttaer,  gold  IB  obluMd  in  the  Sonabaea  atnaa,  near  tba 
fkacbcin  gbil,  in  the  Dbawn  paigaon. 
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Mait,  Lat.  2r  13';  Long.  80**  10'.— From  the  above  quoted  au- 
tbority,  too,  we  learn  that  gold  is  found  in  the  Nabr  river,  in  the  neigh- 
bourhood of  Man. 

Jabalpur  District. — In  this  district  there  were  H  profcesional 
gold-washers  in  1872.  Beyond  this,  and  the  fact  that  a  sample  of  gold- 
duet  said  to  be  from  Jabalpur  was  exhibited  in  the  Indian  Museum  at 
South  Kensington,  there  appears  to  bo  no  record  of  the  industry  in  this 
district. 

Nagpur  District. — Tlic  gold-waibem  of  this  district  are  more 
numerous  than  in  any  other  one  in  the  Central  Provinces.  Tljcy  number 
103.  It  is  probable  that  they  carry  on  their  operations  chiefly  in  the 
adjoining  districts,  though  some  of  them  may  find  sufficient  gold  in  the 
atreams  which  travei-se  the  metamorphic  rocks  of  their  own. 

Wardha  District. — In  this  distrit?t  there  are  26  gold-washers,  but 
there  is  no  information  available  as  to  the  precise  localities  where  their 
operations  are  carried  on. 

Sagar  and  Damoh  Districts,— In  Sagar  and  Damoh  tfjore  are  19 
and  7  gol J-washers  respectively,  but  it  is  not  on  record  that  gold  is  found 
in  either  district. 

Seoni  District.— Within  the  limits  of  this  district  the  sands  of  the 
Parfjudhur  stream  produce  gold.  It  rises  in  tlio  Konye  hills  and  falls 
into  the  Wainganga.  The  washers,  of  whom  there  are  IZ,  consider  it 
nnlucky  to  earn  more  than  4  annas  a  day.^ 

Upper  Godavari  District.— Gold  is  said  to  be  found^  in  two  local- 
ities in  the  bed  of  the  Godavari  river  within  the  limits  of  this  district, 
tiamely,  near  Bhadrachelhim  and  at  Marigudem  (Mariguram  of  map). 

Bhadrachellum,  Lat.  17'  40'  30'';  Long.  80'  51'  45".— Gold  is 
washed  for  at  the  point  where  the  Kinarsani  river  falls  into  the  Godavari, 
on  the  Hyderabad  side  below  Bhadrachellum.  The  rocks  belong  to  the 
metamorphic  or  older  crystalline  series,  but  the  Gondwaua  and  Kadap&h 
series  are  also  represented  close  by.  As  already  stated,  diamonds  are 
reported  to  have  been  formerly  found  here. 

MARiOTJDEif,  Lat.  18*  17';  Long.  80^  36'  SO".— Gold  is  washed  for 
near  the  mouth  of  a  small  stream  which,  coming  from  the  Nizam's 
territory,  falls  into  the  Godavari  opposite  Marigudem,  in  the  Naggar 
taluk.  It  is  washed  by  people  called  Sonjhari*  [lit,  gold-soekers) ,  not 
Soiijerriea  as  the  name  is  sometimes  written,  who  come  periodically  for  the 
purpose.  They  begin  operations  in  August  or  September,  or  whenever  the 


'  Balfour'fl  CjcIopiodiJi.  Ac. 

'  CciitrAl  Provinces  iHa^ttcer,  p.  606. 
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river  has  fiillen  sufficiently  to  lay  bare  certain  gravel  bnnks  in  which  the 
gold  occurs  in  minute  grains.  The  gold  Ib  of  superior  quality  to  that  of 
Bome  other  localities,  being  valaed  at  Rs.  16  a  tola.  The  inooks  of  this 
neighbourhood  are  Gondwanas  belonging  to  the  Kamthi  group^  so  tbis 
gold  has  possibly  a  doubly  derivative  origin. 

Bastar. — The  Bastar  State,  which  is  attached  to  the  Upper  Godarari 
District,  does  not  return  any  gold-washers  in  the  census  tables,  but  gold- 
washing  is  nevertheless  carried  on  there  according  to  the  Central  Prov- 
inces Gazetteer  close  to  Pratappar  (?  Partabpur  of  map),  and  at  tho 
junction  of  the  Kutri  (or  Kutbari)  and  Indravati  rivers,  i.e.,  near  the 
vilbge  of  Bhanimgarh.  The  rocks  of  this  j>ortion  of  Bastar,  it  may  he 
presumed,  belong  to  the  metamorphic  series,  but  they  have  not  as  yet  been 
exainiiied  by  any  geologist.  The  position  of  these  two  localities  is  as 
follows:— 

PaiTAPpra  or  Paiitabpur,  Lat,  19'  59'  30' j  Long,  80*  47'  80'. 

BuARAMOiiRU,   Lat.  19°  25'  ;  Long.  80'  39'  30'. 

Rajputana. — Ajmir-Mhairwarra  District. — According  to  Dr. 
Irvine,*  gold-dust  used  to  be  found  in  the  sands  of  the  Luni  and  Khari 
rivers.  Tho  search,  however,  does  not  appear  to  be  carried  on  at  present. 
These  rivers  traverse  rocks  of  the  Arvali  series  and  gneiss.  The  actual 
Bource  of  the  gold  is  unknown.  As  rough  indices  of  position,  Raipur  on 
the  Luni,  lat.  26"  3",  long.  74°  6',  and  Sagramgarh  on  the  Khari,  lat. 
tb"  52*,  long.  74^"  29'  30'  may  be  mentioned. 

Gurgaon  District. — But  one  locality,  Sonah  or  Sobna,  is  known  in 
this  district  where  gold  has  been  found. 

Sonah,  Lat.  28°  14';  Long.  77'"  7'— It  is  possible  that  this  place 
may  owe  its  name  to  the  fact  of  gold  having  been  found  there.  When 
examining  the  schists  of  the  Arvali  series  at  Sonah,  Mr.  Uacket  •  was 
informed  that  small  quantities  of  gold  are  found,  after  the  rains,  in  th« 
streams  which  take  their  rise  in  the  hills  close  by. 

Bombay.— Within  the  limits  of  the  Bombay  Presidency  the  districts 
of  Dharwar,  Belgaum,  and  Kaladgi  in  the  Southern  Mahratta  Country, 
and  the  i)roviuce  of  Kattywai*,  include  all  the  localities  wherein  gold- 
bearing  rocks  are  reported  to  exist. 

Dharwar  District. — In  tbis  district  gold  has  been  found  at  Chik 
Mulguud  (Moolgoond),  Surtur  (Soortoor),  Dambal  or  Damul,  Dhoni, 
Hurti  river  near  Guduk.  All  the  available  information  regarding  the 
auriferous  tracts  of  Dharwar,  Belgaum,  and  Kaladgi  are  contained  io 


*  F%d0  Seleoitonf  from  Rcconk.  Oovemmeiit  of  IomUa,  Cluip.  XIX,  p.  7L 
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papers  by  Captain  NewU>Ul,,'  LieutenAnt  Aytoun»'  and  Mr.  R.  B.  Foote' 
of  the  Geological  Survey.  A  letter  by  Mr.  Scholt*  to  the  Timet  ^ 
India  also  contains  some  information  on  the  subject.  Mr.  Footers  paper^ 
besides  recording  his  own  observations,  gives  a  r^umS  of  what  woa 
written  by  the  other  authorities.  A  map  of  the  neighbourhood  of  Dom- 
bal  is  published  with  this  paper. 

Mr.  Foote  considers  that  the  metamorphic  rocks  of  the  known  gold- 
bearing  area  belong  to  three  distinct  groups  or  scries,  each  characterised 
by  certain  lithological  peculiarities.  He  distinguishes  them  by  the 
following  local  names,  namely,  Dhoni,  Kappatgode,  and  Surtur.  The 
Uhoni  group  consists  of  a  hematitic  schist,  accompanied  by  chloritiC| 
homblendic,  and  micaceous  schists.  It  also  includes  several  beds  of 
white  and  grey  limestone,  which  may  prove  a  valuable  source  of  lime. 
Above  this  group  comes  the  one  called  Kappatgode,  tlie  members  of  which 
form  the  Kappatgode  Hill.  They  consist  likewise  of  hasmatitic  schists 
with  which  are  associated  argillaceous  schists,  and  the  prevailing  color  has 
changed  from  green  to  reddish  buff  or  mottled  whitish.  The  third  or 
Surtur  group  consists  of  horablendic  and  chloritic  schists,  which  arc  in- 
timately associated  with  a  massive  diorite.  Two  other  groups  or  seriee 
of  granitic  rocks  in  the  neighbourhood,  which  do  not  appear  to  be  auri- 
ferous, have  had  the  names  Ouduck  and  Mulgund  conferred  upon  them, 
from  the  names  of  the  villages  near  which  they  are  found. 

Quartz  reefs  occur  in  all  these  series,  but  it  is  only  in  the  streams 
arising  from  the  Surtnr  series,  according  to  the  natives,  that  auriferous 
sands  occur,  and  the  richest  of  all,  that  called  Surtur,  lies  entirely  within 
the  area  occupied  by  the  chloritic  schists  and  diorite. 

"With  few  exceptions  the  quartz  reefs  in  the  Surtur  series  at  their 
outcrops  had  hoen  broken  up  by  gold-seekers.  Most  of  these  reefs  run 
parallel  to  the  bedding,  but  in  the  other  series  they  often  occur  catting 
across  the  bedding. 

In  the  Kappatgode  series  there  is  a  reef  called  Hati  Kati  (Huttee 
Kuttce),  in  the  debris  from  which,  where  it  had  been  broken  into  by  gold- 
seekers,  Mr.  Foote  found  a  trace  of  visible  gold.  Pyrites  altered  into 
limonite  and  thin  veins  of  chlorite  occur  in  the  quartz.  Three  rude 
sinkings  and  some  shallow  trenching  indicate  that  mining  by  natives 
was  carried  on  to  some  extent  here.     A  shaft  sunk  on  the  caat  side  of 


•  MadttM  Joor.  of  Lit.  nnd  8ci„  Vol.  XI,  p.  ^i ;  and  Jour.,  Roj.    Aj.  Soc.,   Vol   Vli, 
p.  206  ;  and  Jour.  A»,.  Soc..  Bengal,  Vol.  XIV,  p.  SOI. 
«  Traui..  Bombay  G«og.  8ocy,,  Vol.  XI,  p.  1. 

»  RooordB,  O.  8.    I..  Vol.  VIII.    p.  133;   and  Mom.,   G.  S.  I..  V..1,  XII,  p.  260. 
<  Fid*  Balfour*!  Cyclopedia,  ArU— Quid. 
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tiie  reef  ia  rappoeed  to  hive  been  the  work  of  a  Gold  Company  whidi 
WM  «tuted  doriog  the  Bombay  share  mania.  A  eixnilar  shaft  near  Um 
village  of  Dhoui  u  kuovm  to  have  been  the  work  of  Uiis  Company. 
Aaatzallao  i  ud  to  have  done  duty  as  samples  of  the  raaalts 

of  these  o{>^  le  Hati  Kuti  reef  is  5  feet  thick;  it  dips  40* 

io  50",  eastwards,  a»d  the  strike  ia  north  by  west  to  aoath  by  east. 

Sulphides  of  the  metala  which  commonly  accompany  ^Id  were 
only  found  in  the  Hati  Kati  and  two  parallel  reefs,  but  much  of  the 
quartz  in  the  different  reefs  is  wliat  is  called  '  mouse-eaten '  by  AuatniF> 
Jaan  mvatn — an  indication  of  the  former  presence  of  foreign  minerals. 
Bomplea  of  quartz  selected  by  Mr.  Foote  were  assayed  in  the  laboratories 
ftt  the  Mint  and  the  Geological  Snrvey,  but  did  not  prove  to  contain 
gold.  Even  were  there  evidence  of  the  presence  of  a  greater  amount  of 
gold,  the  ioaccessibility  of  this  locality  and  the  scarcity  of  fuel  and 
water  are  serious  drawbacks.  There  are  only  two  or  three  families  of 
gold-wa*^herB  or  Jalgars  in  the  neighbourhood.  They  use  a  sort  of  box 
made  of  light  pbuks  which  is  3  to  4  feet  long,  20  inches  wide,  and 
9  inches  dee]),  for  the  first  and  rough  part  of  the  wnshings.  Tliis  box  or 
trough  corre6ix)Dd8  to  the  Australian  cradle.  The  sand  is  then  removed 
to  a  dish  or  tray  in  which  it  is  panned  off.  The  iron  sand  with  gold  is 
further  wafihe<l  in  a  half  coooanut  shell  and  the  tinal  residue  treated  with 
mercury.  Mr.  Soholt  (/.  c.)  speaks  in  high  terms  of  the  care  taken  by 
these  men,  which  he  says  surpasses  that  of  the  Chinese  in  Australia ; 
but  Mr.  Foote  considers  the  process  wasteful,  particularly  in  consecjueuce 
of  the  shortness  of  the  washing-box.  The  earnings  of  these  men  during 
the  season  varies  from  Rs.  5  to  R«.  50. 

Mr.  Scholt  formed  a  very  unfavorable,  but  apparently  perfectly  just, 
opinion  as  to  the  value  of  tlie  alluvial  deposits.  The  supply  is  very 
scanty,  the  stratum  not  exceeding  5  inches  in  depth,  tho  bed  rock 
being  apparent  everywhere.  Twelve  days'  work  at  Surtur  yielded  him 
only  from  I^.  2  to  lis.  S  worth  of  gold. 

Lieutenant  Ay  toun,  however,  states  that  near  Dumbal  he  sunk  a  shaft 
in  the  alluvium  to  a  depth  of  7  feet  and  found  gold  at  all  depths ; 
and  a  Mr.  Le  Souef,  who  had  had  Australian  experience,  also  states  that 
he  obtained  gold  from  shaft:?.  He  took  a  more  favorable  view  of  the 
place  than  Mr.  Scholt,  but  his  statements  are  somewhat  vague** 

In  Captain  Newbold's  time  the  outturn  from  the  Uurti,  Surtur,  and 
Dhoni  streams  was  estimated  at  200  ounces  yer  annum,  but  cither  in 
conse<jueuce  of  the  yiehl  of  gold  having  diminished,  or  other  more  lucra- 
tive employment  having  become  available  to  the  Jalgars,  tlieir  u umbers 

*  Fill*  hii  letter  in  Iklfonr'i  Cyoloiv-Hliji,  Art.— Qold. 
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have  much  decreasod|  and  the  outturn  is  probably  not  now  one* tenth  of 
what  it  was.  Captain  Newbold  (/.  c.)  Tneotions  that  the  Jalgars  under- 
stand the  ancient  Hindu  method  of  purifying  the  gold  and  improving 
itfi  touch.  The  following  tiihows  the  position  of  the  above-mentioned 
localities  in  Dharwar,  and  also  that  of  another,  Chik  Mulgund,  in  the 
Kor  or  Kod  taluk,  where  gold  used  to  be  found  according  to  Captain 
Newbold  : — 

SuRTUR  OR  SooRTOOE,  Lat.  lb"  14'  80";  Long.  75'*  48'. 

Dhoni,  Lat.  W  17'  80';  Long.  75"  47'. 

Dambal  or  DiTMUL,  Lat.  15^  17'  30';  Long.  75"  50'. 

Harti  or  Hdrtee,  Lat.  15"  20';  Long.  75"  35'  30'. 

Chik  Muixjund  (or  Moolgoond),  Lat.  U**  35  ;  Long.  75"  9LV, 

Belgaum  District.— Gold-dust  within  the  limits  of  this  district  is 
reported  to  have  been  found  in  small  quantities  at  or  near  the  villages  of 
Belowuddi,  Byl  Hongnl,  and  Murgur. 

The  rocks  are  chloritic  schists  and  diorites,  with  thin  veins  and  ncst« 
of  quartz,  reefs  being  rare  or  concealed,  if  present,  by  surface  soil. 

Belowuddi,  Lat.  15*42'  80';  Long.  74"  69'. — Lieutenant  Aytonn 
obtained  gold  in  the  streams  near  this  place,  but  it  appears  to  occur 
in  very  small  quantity.  Mr.  Foote  failed  to  find  any  trace  of  gold  there, 
and  he  was  told  that  the  Jalgars  had  not  been  there  for  ten  years,  so  tliat 
it  is  evident  they  do  not  think  much  of  its  capabilities.  The  gold  is 
supposed  to  have  been  derived  from  a  quartz  reef  traversing  the  chloritic 
schists  and  diorite. 

Byl  Honoul,  Lat.  15"  50' ;  Long.  74*  59'.— At  Byl  Hongnl,  or 
rather  near  two  small  villages,  Chikop  and  Murkombi  of  map,  a  few 
miles  to  the  north,  Mr.  Aytoun  obtained  gold  by  washing,  and  the 
stream  between  these  places  was  one  ordinarily  visited  by  the  Jalgars ; 
but  Mr.  Foote  was  informed  by  the  local  officials  that  gold  was  unknown 
there.  He  mentions  finding  one  quartz  reef  in  which  there  were  no 
sulphides  or  other  likely  indications  of  the  presence  of  gold. 

MuBoiTR,  Lat.  15°  53'  ;  Long.  75".— Mr.  Foote  was  told  by  a  native 
official  that  near  the  al»ove  village  from  Rs.  150  to  200  worth  waa 
obtained  by  the  Jalgars,  who  in  this  case  are  Mohamedans ;  probably  they 
are  converts  like  the  ^nfhn.  The  rocks  which  are  believed  to  contain  tJ»e 
gold  are  said  to  be  probably  the  same  as  those  at  Kappatgode.  Gold  i« 
i-eported  to  occur  also  in  the  streams  near  Sogul,  4  miles  south-east  of 
Murgur. 

Kala^gi  District.— Gulf dkoud,  Lat.  W  8' ;  Long.  75''  52'. — 
Mr.  Foote  mentions  a  rej>ort,  the  accuracy  of  which  he  has  reason  1<> 
doubt,  of  auriferous  sands  being  fouud  in  the  streams  there. 
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Kattywar.^Gold-du£t  in  small  quantities  is  said  to  be  found  in  the 
Sonrekha'  {Sootvurn  saeAta,  Sans, ;  lU,  gold-dust),  a  river  which  rises  in 
the  Oirnar  hills,  but  which  is  not  marked  on  the  maps.  The  Giruar 
hills  rise  to  a  height  of  ?,666  feet,  and  are  said  to  be  formed  of  granite 
with  quartz  veins.  It  seems  to  be  doubtful,  however,  whether  ther«  are 
miy  old  crystalline  rocks  in  these  hills.  So  far  as  is  known,  the  rockb-  are 
volcanic  of  the  Deecan  trap  period.  Cai>t4iin  McMurdo  is  said  to  have 
stated  that  gold  was  also  found  in  the  river  Aji,  which  passes  Rajkot. 

Afghanistan.— Gold-dust  is  reported  to  occur  in  the  sands  of  many 
rivers  in  Afghanistan,  but  definite  information  on  the  subject  is  some* 
what  scanty.  The  geology  of  Northern  Afghimistan  is  not  very  well 
known,  and  it  is  therefore  impossible  to  say  from  what  rocks  this  gold 
may  have  been  derived.  The  gold  near  Kandahar  occurs  in  connection 
with  trap,  which  traverees  cretaceous  rocks,  and  it  may  be  that  the 
matrix  of  the  gold  in  Northern  Afghanistan  is  of  the  same  age.  At  the 
same  time  older  ro^'ks  ai*e  believed  to  occur  in  the  Hindu  Rush,  and  it  may 
exist  in  some  of  them. 

Aocoi-ding  to  Captain  Hutton^  gold  which  is  called  pHlah  need  to  be 
imported  into  Kabul  from  Bokhara,  where  it  was  found  in  tlie  river 
Amur,  and  the  l>est  qualities  were  sold  at  the  rate  of  Co.'s  Rs.  17  to  18 
per  tola  ;  an  inferior  quality  sold  for  Rs.  10  per  tola. 

The  occiuTence  of  gold  is  recorded  in  Kandahar,  in  the  Hazard 
country,  in  the  neighbourhood  of  Bamian,  in  Koh>i-daman,  KohistaUi 
jind  Lughman. 

Hazara  CotTNTBY. — Captain  Drummond'  states  that  gold  is  reported 
to  be  found  in  the  streams  which  rise  in  the  Koh-i-baba  range,  and  Cap- 
tain Hutton  that  it  is  reported  to  occur  in  siiu  in  the  rooks  of  some  of 
the  mountains ;  but  he  suggests  that  the  supposed  gold  is  possibly  only 
either  iron  or  copper  pyrites,  as  samples  of  these,  supposed  to  be  gold, 
were  often  brought  to  him. 

Kaiidahab,  Lat.  31*  85';  Long.  65*  85'.— Gold  is  mined  for  in 
qnartz  veins  3  miles  to  the  north  of  Kandahar  cdty.  These  quartz  veins, 
according  to  Mr.  Griesbach,*  occur  on  the  lines  of  junction  between 
hippuritio  limestone  and  extensive  outbursts  of  trap  ;  the  actual  contact 
rock  is  partly  calcareous,  and  it  contains  traces  of  copper  and  nickel. 
The  gold  is  eometimes  chiselled  out  in  pure  granules  and  sometimes  ia 
laige  uugg«tB ;  the  stone  is  not  taken  out  unless  it  contains  visible  gold« 

I  SdeeliaiM  front  Rwonls,  Bofmb*;  Ckwcnmentt  VoL  XXXTIIl,  p.  86. 

*  CkL  Jour..  N»t.  Hi»t..  Vol.  VI,  ji.  600. 
■  Jour.,  Aaw  Soc^  BfHK^  VoL  X.  p.  8^ 

•  Jll«iiL.a  8.  U  VoL  XVtil.p.««. 
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It  is  carried  to  the  city  for  treatment.  Tlie  mine  belongeti  U*  the  Gov- 
ernment, had  been  wotkeil  anyhow  fur  soino  12  years,  and  in  lH7ii  wa« 
leased  to  a  contractor  for  Rs.  5,000  a  year  ;  as  much  more  was  spent  on 
working  it,  hlastin«j  with  gunpowder  being  employed,  and  the  yearly 
outturn  was  said  to  exceed  Rs.  10,000.  Subsequently,  the  mine  fell  in, 
and  some  of  the  miners  who  wei'e  working  at  the  time  below  were  buried. 
Mr.  Oriesbach  considers  thai  it  is  highly  probable  that  gold  will  be 
found  where  the  trappoid  beds,  which  he  describes,  are  altered  by 
younger  traps  and  traversed  by  quartz  reefs.  The  disturbed  state  of  the 
country  prevented  the  Wali  from  acting  on  his  advice  and  sinking  new 
shafts. 

It  may  \ye  of  interest  to  add  here  that  there  is  an  old  record '  of  the 
discovery  of  a  mine  of  gold  in  Scistan,  which  is  thus  described  :— 

"  In  the  fii-st  month  of  the  reign  of  Mahmud  of  Ghaziii  a  vein  of 
gold  resembling  a  tree,  of  three  cubits  in  depth,  was  discovered  in  a  miuc 
in  Seistan,  which  yielded  pure  gold  till  the  reign  of  Musaud,  when  it  wai 
destroyed  and  lost  by  an  earthquake." 

Bamun,  Lat.  W  h-l'  30'  ;  Long.  67"  45'  80'.— Dr.  Balfour  states 
that  gold  is  found,  together  with  lapis  lazuli,  at  Iliiladat,  near  Bamian; 
but  there  may  be  some  mistake  about  the  latter  as  this  is  not  one  of  the 
recognised  localities  where  it  occurs,  but  gold  may  very  possibly  be  found 
there  brought  by  streams  from  the  northoru  Hunks  of  the  Koh-i-baba. 

IsTALiK,  Lat.  W  52'  50';  Long.  61)".— Dr.  Balfour  states  that 
gold  is  found  at  this  locality,  which  is  in  the  district  of  Koh-i-daman. 
It  is  also  found  in  tlie  samls  of  the  Kabul  river.  The  streams  in 
Kohistan  and  above  Lughman  and  Kuner,  which  rise  on  the  flanks  of 
the  Hindu  Kush,  also  contain  goKl  according  to  Captain  Drummond. 

Punjab. — It  has  been  not  unfrequeutly  stated  that  all  the  rivers  of 
the  Punjab,  the  Ravi  alone  excepted,  contuin  auriferous  sands.  Probably 
there  are  sonie  others  which  might  l>e  excluded  from  so  ginioral  a  state- 
ment; but  the  fact  remains  that  the  rivers  and  streams  of  the  province, 
whether  rising  in  the  distant  ranges  of  crystalline  rocks  forming  the  axis 
of  the  Hiuialuyas,  or  merely  having  their  sources  in  the  outer  and  lower 
ranges  of  hills  formed  of  detrital  tertiary  formations,  do  us  a  general  ru!e 
contain  gold.  In  the  latter  cases  the  gold  must  have  a  doubly  derivative 
origin,  and  no  veins,  or  other  original  depobits  of  it,  can  be  expected  to 
occu  r. 

The  practice  of  gold-washing  in  the  Punjab  is  probably  of  considerable 
antiquity ;  formerly  it  afforded  a  source  of  revenue,  and  under  the  Sikh 
government  the  iixx  amounted  to  one-fourth  of  the  gross  produce.     As  in 


'  lirigg'k  MuIioiui^Iku  Pown  ii\  IihUa,  Vol.  I,  p.  S3. 


JMi^  ^Mit*  yt0U  iA  %udi^,1k^yfMiSukttK^mat  lava.  iSboe  mmnt  hm  dg^A- 
^0^  4^«<  H  »^«i7  MfwD  }««|f#«tkw,.  vr  Imc  iniifiT  MhAt  i  ■iIihit  : »  Ae 

Jl^UI  U«U^  Wt*iMs4  if  WMinilBIHg  ^  tfat  ISMS  «f 

TU  if^lWiriju^  ftfjCKnittt  4ic«(titsf  the  MOiti 
tiiyiu  vii  tik  «itfl>J4M^  <if  Fttftjal/  1^^  the  &t0eU  in  «iw^  it  x  ffiiarf 
liM!ii«^  I^MMMi,  IV«l»ir«r^  Hmimt*,  Bamdfim^  naham,  AmUh,  and 
^e^imt  fiidiif^e  fiUtw, 

StOOtt  (000000/  DMrtet;  iULAJi4««.-*At  Kaialagb*  ad  odur 
pfAtM  *m  iitfie  litAm  SMfnt  h,  ipAMmA  m  wmhtd  for,  tiie  smd  tsIik 
4^  tl«4^  ^^mUu:^  \fiom%  ^0iimi^U»i  Mi  Bs.  201*.  Wbetlier  tiik  goldk  denred 
f r/,/M  Um;  iJfinkfy  r^M^ut,  mm  m  ihsA  iMA  k  ol/Uuned  m  ilie  stiaaks  and 
iiir«r«  fr/^  IIm;  Mt-rMtiff^  in  iht  Jhikm  distnety  or  hM  Mme  from  tbe 
t^MT  PMdut  Ui0mr  uy  i\m  vMlky,  ma/  }je  aa  open  qnettaoo. 

PMlll^WUr  DlMtrict^ln  the  Jodiif  atore  Attodc*  and  in  fbe  Kabol 
l^r«r  ifM'dmfi  ttmnrn,  ihim^^  rir/t  in  great  atmndanoe.  Iliere  are  about 
16^^  t$kku  yAut  wmh  duriug  tb«  cold  and  botaeaaons;  for  tbe  rest  of 
ilMf  /MMT  Umt/  inWttw  i^mr  r«!gular  avocation  aa  boatmen.  They  often 
riMj4fiv«  M/lvafMMif  Uata  ihum  wlio  purcbaae  the  gold,  which  is  valoed  at 
Um.IUh  UtU.  KmU  roan  obtaiM  on  an  aTerage  2  to  2|  toba  of  gold^ 
wUU^i  from  i^m  iitm  «|M»i»t  in  iU  collection  would  yield  a  daflj  wage  of 
mIx/uI  two  nuiuiM, 

BHAATft  DiHtrlOt,— Tim  M  of  the  Indus  in  thif  district  also  yields 
lgiiUi'i\unif  ilm  i^unUiy  and  therefore  the  value  of  which  is  the  same  as 
ttf  thut  iihUiimil  within  tlje  limits  of  the  Peshawur  district.  The  most 
|>rolili<i  portion  of  tho  Indus  is  suid  to  he  that  which  traverses  Dardistan. 

Bl^Wltlplndl  Dlitriot  j  Attook,  Ut.  83°  62'  30" ;  Long.  72°  15'  30." 
Tliu  situds  of  thu  Itulus  at  Attock  ore  also  washed  for  gold.  Dr. 
Juiiiusoii^  lu  iH'iiJ  sUitwl  Uittt  tthout  300  individuals  used  then  to  engage 
miiiiiiilly  iu  Mu)  mmnM  for  gold  between  Attock  and  Kalabagh.  The 
WM«liiiig  wiw  offuctUnl  with  the  uid  of  a  largo  wooden  trough.  Mercury 
WW*  iistiil  uiid  thu  gold  obtuinod  was  sold  for  K«.  10  per  tola,  one-fourth 
i»f  whiuli  WMM  clttiuuMl  by  the  Sikh  (lovernmcnt.  The  actual  earnings  of 
\\\ii  11)01)  wore  osti)))iit<Ml  to  In)  from  3  to  li  annas  a  day. 


*  (lllMtwil.*.  IClUloiu  Vol.  II.  h  l<^< 

*  4.»U«iu.  |..  u  i  M»m..  «.  ^'.  »•.  Vo).  xvii.  p,  tt5. 

*  Uhm,  |i.  It). 

•  jo«r.  \*.  Hi^p.,  iWtttfNi.  Vol,  xn,  p.  «l. 
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Jbilaxn  District — The  g^old-washings  of  tbc  Salt-riin^e  arc  nearly 
all  iucluded  in  the  Jliilam  District.*  They  arc  situated  in  the  beds  of 
strGanisnnd  rivers  mrhich  take  their  rise  in  the  sandetonos  of  tertiary  age, 
the  gold  apparently  coming  from  lieds  of  the  low<?r  Si  wall  k  group.  It 
has  thus  a  doubly  derivative  origin,  as  in  tl»ese  beds  it  is,  like  the  rest 
of  the  materials  of  which  they  arc  formed,  merely  detrital  matter  from  the 
idd  crystalline  rocks  of  the  Himalayas.  Much  of  the  gold  is  invisible 
or  nearly  so,  and  would  be  lost  but  for  the  employment  of  mercury.  In 
the  year  1850  158  cradles  were  worked,  and  the  tax  u]»on  these  amounted 
to  Es,  5^5, 

Inl  84S  Dr.  Fleming  was  informed,  according  to  Mr.  Bi*den-Powcll, 
that  the  production  of  gold  was  as  follows  : — 

1844  .    409tolft». 

1845  .    272     „ 
•                       1846        .     332     „ 

1.1(13  tola»  X  16  s  My  £1.«9(V16^. 


The  Bnnhar  river,  near  the  eastern  end  of  the  hills,  is  specially  men* 
tioned  by  Mr.  Wynne  as  producing  gold,  and  from  it,  westwards  up  to  Iho 
Indus,  many  of  the  streams  which  rise  on  the  nortUeru  flanks  uf  the  range 
contain  gold. 

Kangra  District. — Tn  this  district  gold  is  found  in  the  Bias  river 
near  Haripur,  and  also  in  Spiti,  Kulu,  and  Lahul. 

Ha.r\pur.— In  a  paper  by  Captain  Abbott^  the  process  of  gold- wash- 
ing in  the  Bias  river  is  described  and  illustrated.  The  gold  occurs  appa- 
rently in  still  finer  particles  than  elsewhere,  being  literally  dust  It  is 
impossible  to  say  what  may  be  the  proximate  derivation  of  this  gold  as 
the  river  traverses  both  tertiary  and  old  crystalline  rocks.  Since  gold 
occurs  atShamsi^  higher  up  the  valley  iu  Kulu,  it  originally  probably  all 
came  from  that  neighbourhood.  Tra-ces  of  gold  occur  in  the  ai^entiferous 
galenas  of  Kulu,*  and  the  sands  of  several  streams  in  the  same  district  arc 
believed  to  be  auriferous.  Gold  is  obtained  in  the  larger  rivere  of  Lahul 
and  Zangskar,  but  the  outturn  is  sniulli  it  is  mostly  taken  to  Hindus- 
tan.    In  Kunawar,  according  to  Gerrard,  small  quantities  of  gold  arc 

»  FUmiug,  Dr.  Jonr.,  k».  Soc.,  Bcnfal,  Vol.  XXII,  p.  6*3.  Mections  from  rublk> 
Corraipnndencc,  Punjab  Government,  No.  XXIII,  |).  3-i3:  B»dcii-i*owi-n.  Poiijub  tVixluit*. 
|».  IS.    Wjnne,  A.  B.     Mem.,  G.  S.  1.,  Vol  XIV.  p.  303. 

»  Jour,  Ah.Soc^  Bciigal,  VoL  XV|,  y,  266w 

>  Kuln.  4c..  bj  C«lvcrn  J.  r-  ^l- 

«  Llrm,  p   73. 
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found  in  the  streams.  Tho  positJoii  of  Kunawar  is  in  the  valley  of  the 
Sutlej  to  the  north  of  Bisahir  (or  Bashalir)  on  the  frontiers  of  Chines 
Tnrtary.  Granite  and  ot.her  crystalline  rocks  are  found  thero^  and  from 
these,  or  rather  from  the  quartz  veins  which  traverse  thein,  the  gold  has 
probably  been  derived. 

Amballa  District. — Kabrar. — Specimens  of  gold  from  the  Mar- 
kunda  river  ncnr  this  locality  were  exhibited  at  the  Lahore  exhibition. 
In  Dr.  Balfour's  Cyclopa?dia  it  is  stated  that  gold'liaa  been  found  in  large 
quantities  between  Amballa  and  Kalka,  but  the  original  authority  for  the 
statement  is  not  mentioned. 

GuMTA,  Lat.  30'  34.  30';  Long-  77'  13'  7 5'.~Gold -washing,  as 
carried  on  in  the  year  1835  in  the  river  Gumti,  which  was  so  called 
after  two  villages  bearing  that  name,  and  situated  on  its  banks,  was 
described  by  Lieutenant  Cautley.'  From  the  description  given,  though  it 
does  not  exactly  coincide  with  the  relative  positions  of  the  places  men- 
tioned, it  would  seem  that  Gumta  of  the  modern  maps,  which  is  to  the 
west  of  Nahan,  was  the  locality  referred  to.  The  Gumta  or  Gumti  stream 
is  parallel  to  the  Markunda.  The  washers,  of  whom  there  were  only  a 
few,  carried  on  their  operations  with  a  large  trough 'and  sieve  as  else- 
where, and  employed  mercury  for  the  final  process.  The  gold  was  said 
to  be  very  fine, 

A  royalty  of  one  masha,  Rs.  192,  was  levied  by  the  Raja  of  Nahan. 
The  daily  earnings  from  one  trough  worked  by  two  men  varied  from 
annas  2  to  Rs.  2.  A  hope  was  expr«ssed  that  the  gold  would  prove  as 
abundant  a»  the  Siwalik  fossils,  which  about  that  time  were  first  dis- 
covered. 

Patiala  State. — lu  the  Native  State  of  Patiala  gold  is  washed  for 
by  the  Sonjbirs  in  the  bed  of  a  small  mountain  stream  according  to  Dr. 
Balfour. 

Kashmir. — Though  there  is  reason  to  believe  tliat  gold-dust  nsod  to 
be  sought  for  in  parte  of  Kashmir  proper,  there  seem  to  be  few  notices 
rcgartling  it.  The  "Ain-i-Akbari''  says  that  gold  used  to  be  found  in  a 
river  called  Padmatti  and  at  Puckely  and  Gulkut  ( ?  Gilgit),  which  came 
from  the  country  of  the  Dards. 

The  principal  localities  where  gold-washing  is  carried  on  in  the  terri- 
tories of  the  Ilaja  of"  Kashmir  are  apparently  situated  in  Ladak. 

Kargil,  Lat.  W  W;  Long.  76'  10'  30'.— Dr.  Bellew^  mentions  hav- 
ing seen  an  old  deserted  mine  in  auriferous  sands  here,  which  had  been 


'  Jour.,  A«.  Soc.,  Ik'iii^n^l.  Vol.  IV,  j».  279. 
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^iven  up  in  const'tjuence  of  sorae  of  the  meu  having  Ijoou  killel  by  a  iK>r- 
tion  of  it  falling  in. 

Ladak.— According  to  General  Cunningham^  gold-washing  in  the  beds 
of  the  Indus  and  Shayok  was  carried  ou  only  by  IVIahomedans  from  Baltic 
as. the  Buddhists  of  Ladak  had  long  been  prohibited  from  the  search.  The 
reason  was  Bupp4ised  to  be  to  prevent  them  from  neglecting  their  fields. 

Kio,  Lat.  34°;  Long.  77^  18', — One  actual  locality  where  gold- 
washing  is  practised  has  recently  been  visited  by  Mr.  Lydekker ;  *  it  is  at 
Kio,  on  the  Markha  river,  where  operations  were  being  vigorously  carried 
on.  The  gold  is  believed  to  be  derived  from  certain  veins  of  yellow 
quartz  which  are  very  abundant  in  the  carboniferous  limestones  of  that 
neighbourhood.  In  Ladak  a  common  form  of  pickaxe  used  by  the  minora 
consists  of  the  horn  of  the  wild  sheep  {Oris  vi^nei)  tipped  with  iron  j  thii 
is  mounted  on  a  wooden  handle  and  is  said  to  be  an  efficient  implement ; 
this  fact  will  be  referred  to  again  when  speaking  of  Thibet. 

A  remarkable  method  of*  obtaining  gold  in  Kashmir,  wliich  was 
formerly,  if  it  be  not  still  practised,  was  to  peg  down  the  skins  of  animals 
with  the  hair  on  them  in  the  beds  of  gold-bearing  streams.  The  hair 
acted  as  docs  the  blanket  used  by  the  civilised  miner,  and  arrested  small 
particles  of  gold  which  are  obtained  when  the  skins  arc  dried  and  shaken. 
This,  according  to  the  "Ain-i-Akbari,'*'  was  the  practice  at  a  place  called 
Puckely.  The  use  of  skins  in  this  way  was  at  one  time*  suggested  as 
olTering  an  explanation  of  part  of  the  fable  of  the  gold-digging  ants,  the 
true  explanation  of  which  is  given  below.  It  is  stated  that  the  custom  of 
using  skins  for  this  purjwse  was  formerly  in  vc^ue  in  Savoy. 

Thibet. — Thibet  \»  iuclude<l  in  this  account,  as  there  is  every  reason 
for  believing  that  for  very  many  centuries  a  regular  supply  of  gold  has 
entered  India  from  thence,  and  continues  to  do  so  to  the  present  day. 

Of  the  very  highest  interest  are  the  accounts  of  I  he  Thil>etan  gold 
mines,  which  are  given  by  the  Puudits  attached  to  the  Indi^iu  Survey  for 
the  purpose  of  exploring  countries  north  of  the  Himalayas.  Unmt- 
tingly  these  admirable  native  servants  of  the  Government  of  India  have 
furnished  facts  which  have  enable<l  Sir  Henry  Rawlinson,  and  iudopend- 
etitly  Professor  Frederic  Schieru,  Professor  of  Hist<jry  at  the  University 
of  Copenhagen,  to  clear  up  a  mystery  which  has  been  a  puzzle  to  the 
historians  and  philosophers  of  many  countries  for  upwards  of  2,000  years,* 

>  L«dd(,  kc.,  p.  Z32. 

»  fUNwnlii.  O.  S.  I..  VoL  XIIT.  p.  W. 

>  Vide  Olnclwiu's  edition,  Vol.  If,  i».  13R, 

*  Count  Von  Vclthcim. '  H«iuun1uii(f  ciniger  AuEmUc/  Vol.  II,  p.  268 ;  and  Jour.  Km.  8oc., 
Bengal,  Vol.  Ill,  |).  £07. 

*  Vid*  *  LwUk'  hy  ih'Vtrh]  Cunuan^'^iiMn,  p.  232. 
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A  translation  of  Professor  Schiern'e  paper,'  \ty  Anna  M.  H.  Chililevs, 
will  be  found  in  the  "  Indian  Antiquary/'"  It  is  a  most  remarkable 
example  of  learned  research,  and  one  very  difficuh  to  give  in  abstract. 
It  IB  entitled  "  The  Tradition  of  the  Gold-digging  Ants,"  But  perhaps 
before  giving  the  conclnaious  which  Sir  Henry  RawUnson  and  Professor 
Schiem  have  arrived  at,  it  wirll  be  beat  in  this  place  to  briefly  describe  the 
Pundits'  oheervations  : — 

"  During  the  expedition  of  1867  the  Pundit  who  had  been  at  Lasss 
fell  in  nt  Tbok  Jalung,  an  important  gold-fidd  in  the  pmvince  of  Nari 
Khorsam,  with  a  large  encampment  of  Thibetan  miners,  and  took  the 
opportunity  to  gain  information  relative  to  the  working  of  the  mines. 
In  the  third  expedition,  in  1868,  another  Pundit  passed  on  as  far  a» 
Rudok,  at  the  north-west  extremity  of  Chinese  Tliibet  on  the  frontier 
of  Ladak,  and  on  his  way  back  from  Rudok  visited  the  gold-fields  of 
Thok  Nianmo,  Thok  Sarlang,'  and  Thok  Jailung.  The  map  which 
accompanies  Major  Montgomery's  narrative  of  the  jonrneys  of  the 
Pundits  gives  in  addition  the  gold-fields  of  Thok  Munnak,  Thok  Ragyok, 
Tliok  Ragung,  amd  Thok  Dalung,"  ....**  The  miners'  camp  at 
Thok  Jarlung,  according  to  tiie  measurements  of  the  Pundrte,  is  16,300 
feet  above  the  sea  level. 

**  Tlie  cold  is  intense,  and  the  miners  m  winter  are  tliickly  clad  with 
furs. 

"  The  miners  do  not  merely  remain  underground  when  at  work,  bat 
their  small  black  tents,  wlndh  are  made  of  a  felt-like  material,  roanu' 
factnred  from  the  hair  of  the  Yak,  are  set  in  a  series  of  pits,  with  stepa 
leading  down  to  them  .  .  .  seven  or  eight  feet  below  the  surface  of 
the  ground."  ..."  Spite  of  the  cold  the  diggers  prefer  working 
in  winter  j  and  the  nnmljer  of  their  tents,  whieh  in  summer  amounts  to 
300,  rises  to  nearly  <^>0  in  water.  They  prefer  the  winter  a«  the  frozen 
soil  then  stands  well,  and  is  not  likely  to  tpnublo  them  nint'li  l)y  falling 

They  are  oceaaionally  attacked  by  bands  of  robl>er»  who  carry  oil 
their  gold. 


'  V»rluin(l«  Kgl.  Diuii«ch«n  CkitlLwh.  (htt  W«««en«:h.  for  1870.  fVintwI  sepftnitelj  in 
Danish,  Ocnnan,  and  Franoh. 

«  Vol.  IV,  p,  225. 

*  Thok  Sarlmighwl  at  oiu?  timel)e<m  the  cliift  j^.I.I-MvlM  jf  flu-  <li!.trui.  •  hut  Und  In  » 
gre»t  moacore  lieen  abiuulonod  on  the  disoowry  of  the  Thok  Jurlung  goUl-field,  Tlie 
PutuUt  pAMcd  a  grvttt  cxcttvation  some  30  to  -iO  twt  dovp,  200  fwt  in  wi<Uh.  and  twi> 
miles  in  length,  from  which  the  g^>ld  hjul  been  cxtruott-d."— "  Jour..  \».  S<»c.»  BvmpO,** 
Vol.  XXXIX,  Pt.  2»  p.  53.  1870» 
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Sir  Henry  Rawliuson'^  remarks  oil  tUeac  reports  of  the  Puuditi' 
researches  and  travels  areas  follows'  :— 

**iii)Wt  then,  for  the  first  time,  we  have  au  explanation  of  the  cir- 
cumstanoes  under  which  so  large  a  quantity  of  gold  is,  as  is  well  known 
to  be  the  case,  exported  to  the  west  from  Khoteu,  and  timls  its  way  into 
India  from  Thibet ;  and  it  ia  probable  that  the  search  for  gold  in  thiw 
region  has  been  going  on  from  a  Very  remote  antiquity,  since  no  one 
can  read  the  ex-Pundit's  account  of  Thibetan  miners  *  living  in  tent»» 
some  seven  or  eight  feet  bolow  the  surface  of  the  ground,  and  collecting 
the  excavated  earth  in  heaps  previous  to  washing  the  gold  out  of  the 
soil/  without  Ijcing  reminded  of  the  description  wliicli  Herodotus  gives 
of  the  '  ants  in  the  lands  of  the  Indians  bordering  on  Kaspatyrus  (or 
Kashmir)  which  made  their  dwellings  underground,  and  threw  up  sand 
heaps  as  they  burrowed,  the  sand  which  they  threw  up  being  full  of 
gold/' 

ProfeBSor  Schiern  points  out  that  the  tradition  was  mentioned  tD 
writings  of  the  middle  ages,  and  those  by  Arabian  authors.  It  survived 
among  the  Turks.  Strabo  and  A.lbortu8  Magnus  treated  the  whole  story 
as  a  tiction.  Xivrey  supposed  that  the  animals  had  become  extinct 
owing  to  the  auri  i(u:ra  famei.  Major  Rennell  supposed  that  the  dwel- 
lers in  mounds  were  UrmiU^  or  white  ants.  Humboldt's  observations  in 
Mexico  on  the  habit  of  certain  anta  to  carry  about  shining  particles  of 
byalith  was  quoted  by  those  who  behoved  that  the  animals  were  really 
ants.  Other  authoritiea  suggested  that  they  were  marmots,  jackals, 
foxes,  or  hysenas.  Pliny  having  stated  that  horns  of  the  Indian  ant 
were  preserved  in  the  temple  of  Hercul»?8  at  Erythraj,  Samuel  Wahl, 
who  maintained  the  hyaena  theory,  proved  equnl  to  the  dilFiculty  by  sug- 
gieating  that  the  horns  might  have  l>een  a  /»«««  uainnt.  Professor 
Schiern  ingeniously  argues  that  the  horns  had  been  taken  from  the 
skins  of  animals  which  formed  the  garments  of  the  miners.  It  seems 
possible,  however,  that  they  were  samples  of  the  pickaxes  made  of 
sheeps'  horns,  which,  as  is  mentioned  above,  are  used  to  tbe  present  day 
by  the  miners  in  Ladak. 

Professor  Schiern  further  points  out  that  ancient  writers  say  that  the 
ants  worked  chiefly  in  winter,  and  connects  this  with  the  stat-ement  of 
the  Pundit  above  quoted. 

In  conclusion  he  writes:— 

"  For  us  the  story  partakes  no  longer  of  the  marvellous.  The  g<^ld- 
digging  ants  were  originally  neither  real  ants,  as  the  ancients  suppoj^ed, 
nor3  as  many  eminent  men  of  learning  have  snpi>oi)ed,  larger  animals 

*  Pidl  Malt  Oagttt€,  MiurcU  10.  Hm.  quoU<d  in  "  ladmn  Antiquary/'  Vol.  IV.  p.  32.'> 
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mistaken  for  ants  on  account  of  tlieir  subterranean  habits,  but  men  of 
flesh  and  blootl,  and  these  men  Thilxjtiiu  miners,  whose  mode  of  life  and 
dress  were  in  the  remotest  antiquity  exactly  what  they  are  at  the  present 
day." 

It  would  be  easy  to  write  further  u|>on  the  subject  of  Thibet  gold  , 
there  beings  a  surprising  amount  of  information  regarding  it,  as  may  he 
gathered  from  the  references  which  are  quoted  at  the  end  of  this  volume ; 
but  this  could  only  Ije  done  by  the  not  altogether  legitimate  sacrifice  of  a 
considerable  amount  of  space,  Thibet  not  being  within  our  limits. 

North-west  Provinces. — Gold-bearing  sands  occur  in  some  of  the 
rivers  of  Kumaun  and  Garhwal,  and,  as  in  the  caec  of  the  Punjab, 
in  some  of  those  which  take  iheir  rise  in  the  outer  ranges  of  hills  formed 
of  tei'tiary  rocks.  Several  of  the  rivers  in  the  Moradabad  district  used 
formerly  to  be  washed,  as  is  described  below,  if  they  be  not  still.  The 
earnings  of  the  washere,  as  stat*^d  to  Captain  Herbert,  did  not  exceed  2 
annas  per  man,  but  he  thought  this  an  under-estimnte.  Other  authorities 
put  them  at  from  3  to  4>  annas.  The  industry  was  a  source  of  revenue  to 
the  Gurkha  Government,  but  when  the  country  became  British  territory 
the  small ncss  of  the  sum  caused  it  to  be  remitted  by  the  Commissioner, 
Mr.  Truill.  In  the  Moradabwl  district  in  1833,  acconling  to  Mr.  Raven- 
shaw,  the  gold- washers  or  Nariyas  of  Kot  Kadir  paid  Rs.  50  a  month, 
and  those  at  Barapura  Rs.  30,  to  the  zemindar.  On  the  wasiiers  in  tho 
Dhela  river  a  tax  of  Ks,  5i-&  was  levied  for  each  washing  ti-ough  (called 
locally  kat4)ufi),  which  was  paid  to  the  Government. 

Tlie  use  of  mercury  was  known  to  these  washers  as  it  was  in  tho 
Punjab.  The  undermentioned  are  the  principal  authorities  on  the  gold 
of  the  North-West  Provinces.* 

District  of  G^a^hwal :  Alakananda  River. — This  river  and  its  tri- 
butary, the  Pindar,  contain  auriferous  sands.  Moorcroft^  describes  tho 
process  of  washing  as  it  was  carried  on  in  the  year  1819,  and  Captain  Her- 
bert® states  that  he  obtained  a  speck  of  gold  in  grauite  at  Kedernath,  near 
one  of  the  sources  of  the  .^lakannuda.  The  whole  courses  of  thetjc  two 
rivers  are  situated  within  the  hmits  of  the  crystalline  rocks,  which  fact 
serves  to  distinguish  them  from  those  about  to  be  mentioned.  The 
Ganges,  where  it  traverses  the  outer  zone  of  tertiary  rocks  in  taluka 
Chandi,  also  contains  gold,  wliich  is  possibly  locally  derived,  though  some 
of  it  may  come  from  the  higher  ranges,  as  no  doubt  all  did  originally. 

»  Herbert,  CapUio,  As.  Rw.,  Vol.  XVIII.  p,  236.  Roveiifllmw,  K.  J.  Jonr,,  Ajj.  fik»., 
Bciigiil.  Vol.  If,  p.  265.  MedUcott,  H.  B.  Mem.,  O.  a  I..  Vol.  Ill,  p.  179.  Balfour,  \>' 
CycloiMwli*.    Atkirwott.  B.  T,  EctMionjir  ChsA.  of  UtlU  of  N.  W.  P„  Pkmphtet. 

2   rrnvcU,  Vol.  I.  p.  7- 

•  A».  R«..  Vol.  XVIII.  p,  2M. 
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Benigunga  and  Son  a. — Both  thcte  rivers  have  short  courses  in 
the  outer  hills  till  they  join  the  Ram|srunga  in  the  Path  Dhun.  The 
gold  found  in  thera  is  probaUv  all  doubly  derivative. 

Moradabad  District :  Ramounoa  River. — In  a  paper  by  Mr. 
E.  T.  Ravenshaw,  dated  1833,^  an  account  is  given  of  the  gold  found  in 
the  tributaries  of  the  Raraguuga  along  the  northern  frontiers  of  the 
Moradabad  district.  The  river  in  which  gold'duet  is  most  abundant  is 
the  Koh,  which  flows  a  few  miles  to  the  east  of  Na^inah  and  falls  into 
the  Raragunga,  4  or  5  miles  below  Sheakdi  (?Shcikdili).  Four  parties  of 
gold'Washers,  locally  called  Nariyas,  used  to  carry  on  their  operations 
at  Kot  Kadir,  12  miles  from  Kotdwar,  whence  the  Koh  issues  from  the 
hills,  at  Barapura,  at  Lakher  ghat  on  the  Ramgunga,  and  at  Amaugarh 
on  the  Phikanadi,  a  tributary  of  the  Ramgunga. 

In  the  Dhela,  between  Sheonathpur  and  the  hills,  10  miles  fur- 
ther east,  gold  was  sought  for  in  the  rains  by  Nariyas,  who  live<l  at 
Kheloroli,  7  miles  north  of  Kasipur.  The  gold  from  this  river  was  said 
to  be  of  better  quality  than  that  from  any  of  the  others.  No  gold  was 
known  to  exist  in  the  rivers  further  east  in  this  district,  and  its  pr<s 
eence  in  the  rivers  of  the  Bareilly  district  bad  not  been  ascertained. 

Nepal,  Dajjiling,  and  Sikkiin. — Although  gold  is  not  known  to 
be  washed  for  in  Nepal,  Sikkim,  or  Darjiling,  there  is  reason  for  believing 
that  it  exists  in  these  areas  under  similar  conditions  to  those  prevailing 
in  the  North- Western  Himalayas. 

In  an  account  of  the  mineral  productions  of  Nepal  by  Mr.  B. 
Hodgson'  gold  is  not  mentioned,  and  in  a  description  of  the  process  of 
refining  gold  in  Nepal,  Dr.  Campbell*  states  that  the  gc»ld  which  is 
suVjjected  to  this  process  is  imported  from  Thibet  to  the  value  of  two 
lakhs  per  annum.  The  fact  that  there  is  no  published  record  of  the 
occurrence  of  gold  in  Nepal  is  doubtless  due  to  the  notoriously  scanty 
information  which  we  possess  regarding  the  minerals  of  that  country. 
Mineral  productions  are  precisely  what  Native  Governments  are  most 
particular  to  conceal ;  but  we  are  not  left  to  hypothesis  alone  for  arriving 
at  the  wtnclusion  that  gold  does  exist,  since,  in  one  of  the  British  districts 
at  the  foot  of  the  hills,  it  is  actually  washed  for,  and  though,  politically 
speaking,  it  may  be  incorrect,  yet  from  the  geological  jwiut  of  view  it 
will  be  most  convenient  to  describe  this  source  of  gold  here. 

Champaran  District. — A  number  of  rivers  and  streams  which  take 
their  rise  in  the  outer  ranges  of  tertiary  (Sivalik)  rocks  on  the  borders  of 
the  Champaran  district  and  Nepal  are  known  to  be  auriferous,  and  gold- 

'  Jour.,  A».  Soc.  Bengal,  Vol  II,  p.  265. 

'  Selections  from  ItwonlH,  Uinjfal  Goveminont»  No.  XXVII,  p.  63. 

*  Jyur.,  As  Soc.,  Ik'Jigttl,  Vol  IH.  p.  622. 
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washing  takes  place  annually,  at  the  commencement  and  termination  of 
the  rains,  in  the  Pachnad,  Hurha,  Balwi  or  Dhar,  Achni  and  Kapan  rivers. 

In  the  Statistical  Account  of  Bengal/  from  which  this  information  10 
derived,  the  opinion  of  a  Revenue  Surveyor  is  cjuoled  without  a  suggestion 
of  dissent  to  the  efTect  that  since  the  streams  rise  in  the«e  outer  hills, 
the  drainage  of  Nepal  being  cut  off  by  a  high  range,  and  since  the  former 
have  a  rugged  and  precipitous  aspect,  therefore  veins  of  gold  might  l>e 
found  which  would  amply  recoup  the  Government  for  any  outlay  it 
might  incur  in  working  them.  That  veins  of  gold  occur  in  these  rocks 
is,  however,  most  improbable.  The  gold  included  in  them  is  almost  certain 
to  be  of  detrital  origin,  and,  like  the  materials  generally  of  which  the  beds 
arc  formed,  it  was  brought  down  from  the  higher  ranges  of  crystalline 
rocks  inside,  which,  therefore,  contain  the  veins  or  other  original  matrix. 
The  gold-washers  of  Champaran  belong  to  a  race  called  Tharu,  and  are, 
it  is  eaid,  evidently  of  Mongolian  origin,  having  similar  features  to  those 
of  the  Mechs  and  Kacharis  of  Aissam  and  the  Bhutan  Duars.  Their  earn' 
ings,  it  is  Ixilieved,  vai-y  from  4  annas  to  a  rupee,  which  gives  a  higher 
average  than  in  almost  any  other  part  of  India ;  it  is  possibly  an  over- 
estimate. 

On  the  other  hand,  the  gold  must  be  of  very  inferior  quality,  if  it  be 
true,  as  is  stated,  that  it  only  fetches  Rs.  12,  or  three-fourths  of  the 
ordinary  price,  per  tola.  Nuggets  of  gold  are  said  to  occur  there  sometimes 
in  stones  which  bear  the  imprint  of  fossil  shells.  It  is  probable  that  this 
supposed  form  of  the  gold  is  only  ii-on  pyrites.  During  the  time  the 
revenue  survey  was  in  progress,  the  amount  of  gold  collected  was  very 
muoh  less  than  it  had  been  formerly,  when,  according  to  report,  the  Raja 
of  Ramnagar  collected  several  thousands  of  rupees'  worth  annually. 

In  a  somewhat  speculative  paper  published  in  ISi-S,  Dr.  Irvine'*  starta 
the  hypothesis  from  a  jorwri  considerations,  that  gold  and  the  ores  of  other 
metals  probably  occur  in  the  rocks  forming  the  hills  nearer  rather  above 
Darjiling ;  that  such  is  the  case  has  been  proved  with  reference  to  the 
latter,  and  the  discovery  of  traces  of  gold-dust  in  the  streams  would  only 
be  the  fulfilment  of  a  most  reasonable  anticipation. 

Assam.^Assam  has  long  been  famous  for  the  production  of  gold, 
and  not  a  few  authorities  have  stated  that  all  its  rivers  contain  gold- 
Iteariog  sand^i, — some,  however,  limiting  this  general  statement  to  those 
which  rise  on  the  hills  on  the  north.  Shorn  of  all  exaggeration  it  would 
seem  that  there  are  few,  if  any,  named  rivers  or  streams  in  the  districts  of 
Darrang,  Sibsagar,  and  Lakhimpur  which  do  not  yield  gold,  while  iu 

'  Vol.  XIU.  I*.  288. 

s  JoUT  .  A*.  Sue..  llcaiyiU.  Vol.  XVII.  y.  137. 
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ei^ht  other  districts  inclnded  in  the  Chief  Commissionenhip  of  Aseam* 
namely,  Ooalpara,  Kamrap,  Now^ong;  Garo,  Jaintia  aotl  Nut,'a  Hills; 
Sylhet  and  Cathar,  there  is  no  gold,  so  far  as  our  sources  of  information 
go.  That  it  is  wholly  absent  in  all  is  not  likely,  but  it  is  not  and  does 
not  appear  ever  to  have  been  soug^ht  for  successfully  in  any  of  them. 

The  most  interesting  early  account  of  the  production  of  gold  in 
Upper  Assam  is  by  a  Hindu  named  Muniram,  the  Revenue  Serishtadar 
of  Bar  Bandari,'  whose  pa|)er  on  the  subject  Captain  Jenkins  forwarded 
in  the  year  1838  to  the  Coal  Committee.  In  it  we  are  told  that  before 
the  British  took  possession  of  the  country  the  Sonwalt  paid  a  yearly 
tribute  of  4,000  tolas  of  gold,  or  in  value,  at  Us.  Id  a  tola,  Ks.  64,000. 
While  the  Government  had  possession  of  Upper  Assam  400  Sonwals  paid 
a  tax,  and  at  the  time  of  writing  ii^.  1 838)  the  Raja  levied  a  tax  on  150 
or  160  joks  (i.tf.  parties  ©f  four  invividuals)  of  these  Sonwal  pwks. 
Colonel  Hannay^  estimates  that  in  the  northern  distri<!t  of  Sadiya  alone, 
inclnding  Lukhimpur,  there  were  10,000  of  these  Sonwals  who  had  to  pay 
at  least  4  anna^  weight,  or  Rs.  4  worth  of  gold  each;  the  total  amount 
would  be  Rs.  ']0,000,  and  since  much  was  probably  paid  by  the  Sonwals 
south  of  the  Brahmaputra  the  total  revenue  may  have  been  from  £8,000 
to  £10,000,  and  the  total  outturn  did  not  greatly  exceed  this,  since  gold- 
washing  was  a  service  performed  by  those  who  held  land  for  their  sub- 
•isience. 

There  appears  to  be  no  foundation  whatever  for  the  statement,  first 
made  apj)ftrently  by  Jacob,'  that  the  yield  of  gold  in  Assam  amounted  to 
30,000  ounces.  Recently,  in  a  lecture  delivenxl  to  the  Society  of  Arts 
by  Dr.  Hyde  Clarke,*  it  was  stated  that  the  yield  had  formerly  bcei» 
40,000  ounces,  i.^.  the  equivalent  of  £140,000  at  the  very  least.  It  can 
only  be  suggested  that  the  rupees  of  the  above  statement  have  been  mis- 
taken by  some  one  for  ounoes,  and  thus  in  all  probability  the  error  arose. 

Muniram  states  that  besides  the  abovementioned  tax  the  Sonwals  of 
Upper  Assam,  in  the  time  of  Raja  Rajeswar  Singh,  used  to  present  from 
6,000  to  7,000  tolas  of  gold ;  besides  which,  gold  was  reoeivedfrom  a 
number  of  places  in  Lower  Assam  and  also  from  the  Bhntins. 

Four  methods  of  collecting  gold  were  piuctised  according  to  Muniram  ; 
1.  The  Kacharis  or  Cassaris  wait  for  a  rise  in  the  river  and  imme- 
diately afterwards,  on  its  fall,  they  scraped  up  the  newly- 
depostt4Hl  sand,  which  they  washed  for  gold. 

»  J  our.,  An.  Soc-,  Bengal,  Vol.  VTl,  p.  621. 

'  Op.  r»<.,  Vol.  XXTI,p.  616. 

•  PkhHoim  MoUb :    PhiliulolphiA,  ISaS; 

«  Jour..  Socj.  of  Arte.  Vol.  XXIX,  1881.  p.  344. 
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2.  All  othei'  Sonwals  wash  for  g-old  during  the  dry  eeaaon. 

3.  The  Rydogeea  Phiikun's  Sonwals  collect  the  leaves  of  the 
eopal  in  the  hills.  These  they  burn  and  collect  gold  from 
tho  ashes. 

4.  The  gold- washers  in  the  Seedang  (?  Sitang)  get  the  gold  \>y 
washing  the  moss  and  slime  which  they  scmpe  from  the 

rocks  in  tlie  bed  of  the  river. 

From  the  following  detailed  account,  which  appears  to  l>e  worthy  of 
repixxluction,  it  will  be  seen  that  a  statement  quoted  in  Dr.  Balfour's 
Cyclopsedia,  that  no  cradle  is  used  in  gold-washing  in  Assam,  and  that  the 
sand  is  merely  washed  by  passing  water  over  it  in  any  long  leaf,  is  not 
well  founded. 

Some  remarks  seem  called  for  to  explain  if  possible  the  third  method 
of  obtaining  gold  which  is  mentioned  by  Muniram.  That  gold  is  ever 
taken  up  by  plants  and  deposited  in  living  ve^tjtable  tissue  is  not  only 
improbable,  but  the  fact  that  it  is  sometimes  found  among  the  roots  of 
plants  is  considered  to  be  attributable  to  the  circnmstance  that  it  is  a 
mineral  not  assimilated  by  plants,  while  the  solutions  in  which  it  is 
carried  into  these  positions  are.  Thus  it  is  supposed  that  the  solvents  of 
gold  being  absorbed  the  metal  itself  accumulates  by  gradual  increments. 
It  seemed  at  first  probable  to  the  w^riter  that  the  copat  plant  grew  on  the 
banks  of  the  streams  and  acted  mechanically  by  arresting  small  particles 
of  gold.  But  on  enquiry  the  copaf-  would  seem  to  l>e  a  common  plant  in 
Assam,  which  possibly  belongs  to  the  ginger  family.  Its  leaves  bein^ 
thin  but  strong  are  commonly  used  to  wrap  up  small  parcels.  Their  con- 
nection with  gold  probably  was  that  they  were  used  to  wrap  up  the  gold, 
and  the  small  three-cornered  packets  may  have  l>cen  burnt  in  order  to 
save  the  fine  gold  adhering  to  the  leaves,  hence  may  have  arisen  the  fable. 

Colonel  Hannay  mentions  that  the  soil  found  about  the  roots  of  trees, 
especially  those  of  the  tree  fern,  are  rich  in  gold.  This  at  once  calls 
to  mind  the  fact  that  skins  of  animals  are  laid  down  in  gold-bearing 
streams  in  Kashmir,  and  boms  of  wild  cattle,  with  the  hair  attached,  in 
Burma  for  the  purpose  of  arresting  the  spangles  of  gold.  Indeed,  the 
nse  of  blankets  in  Californian  and  Australian  quartz-crushing  mills  is 
due  to  an  aj»plicatiou  of  the  same  principle.  The  velvety  surface  of 
young  sprouting  ferns  growing  on  the  banks  of  streams  might  serve  to 
arrest  some  gold,  and  these,  if  burnt  as  blankets  are,  would  yield  an 
auriferous  ash. 

Colonel  Daltou  mentions  a  tradition  of  a  nugget  having  been  found 
attached  to  an  edible  root.  This  of  course  may  have  l>een  a  ohanoe 
occurrence>  but  on  the  other  hand  it  may  bo  explainable  as  above. 
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The  following  is  Muniram's  account  of  the  method  of  washing  and 
collecting  gold  from  sand  :— 

"  Wherever  the  current  is  strong  with  a  falling  bank  above  it,  ending 
in  a  sharp  turn  of  the  river,  the  Sonwals  examine  the  opposite  shore 
where  the  sand  from  the  falling  bank  is  thrown,  and  if  this  should  con- 
tain gravel  mixed  with  the  sand  it  is  accounted  a  good  place  to  And  gold 
in. 

"  Each  party  consists  of  a  headman  {patoee)  and  four  assistants  (pallee*) , 
who  wash  in  one  trough  (or  dorongee) ;  when  they  find  a  proper  place  to 
commence  operations  they  begin  by  working  about  in  the  sand  with  a 
sharp-pointed  bamboo  (or  sokaUe)  tio  find  the  depth  at  which  the  gravelly 
sand  is ;  they  then  take  it  up  in  a  piece  of  split  bamboo  {ban*  chota) 
and  examine  whether  tliere  is  any  gold-dust  in  itj  if  they  see  11  or  14 
bits  they  immediately  build  their  houses  and  commence  operations.  They 
firsthand  up  the  deep  part  of  the  Htream,  if  it  be  a  small  one,  with  sand, 
aud  if  large  with  stakes  and  grass  :  the  stream  then  takes  a  different 
direction  over  the  sand  j  they  allow  it  to  wash  away  the  upper  surface  of 
sand  so  as  to  expose  the  gold  sand,  when  the  bund  is  re-opened  and  the 
stream  returns  to  its  original  be«l.  The  upper  sand  is  then  scraped 
off  and  the  gold  sand  collecte<l  with  a  kind  of  wooden  spade  {kaUr 
duhtal)  ;  this  shovel  is  1^  cubits  long  by  1  cubit  in  breadth,  with  a 
handle  4  cubits  long ;  the  blade  is  of  the  form  of  a  crescent  with  holes  at 
each  comer,  through  which  a  string  is  passed  and  two  men  lay  hold 
of  aud  pull  this  string,  while  a  third  person  keeps  pressiug  the  spade 
down  in  a  perpendicular  position ;  the  sand  is  then  taken  up  in  small 
baskets  with  hantiles  {cookce*)  and  thrown  on  a  bamboo  lattice-work 
or  strainer  [ban)  which  is  laid  over  the  trough.  This  trougli  is  made 
of  wood  and  is  three  cubits  loug,  one  cubit  broad,  and  one  span  high 
all  round,  with  a  slit  three  fingers  wide  at  one  end.  Water  is  now 
thrown  over  the  sand  with  a  calabash  having  a  large  piece  scooped 
out  at  the  bottom,  beside  a  very  small  hole  on  one  side  [lao)  ;  the 
water  is  thrown  on  with  one  hand,  while  the  other  hand  is  employed 
in  moving  the  sand  about  aud  sweeping  off  the  larger  particles  of 
gravel  from  the  surface  of  the  strainer ;  in  this  way  the  sand  is  spread 
on  and  water  poured  over  it;  and  as  the  trough  fills,  the  water  and  dirty 
sand  runs  off  through  the  slit  in  it,  while  the  clean  sand  aud  gold  ivmsin 
at  the  bottom  of  the  trough.  I  forgot  to  say  that  the  trough  is  placed  at 
a  small  angle  to  assist  the  water  aud  dirt  to  run  off  quickly.  When  40 
or  50  baskets  of  sand  have  beeu  thus  washe<l  into  the  trough  the  Sonwals 
call  it  a  thia^  and  if  a  rati  of  gold  is  produced  from  one  thia  they 
think  themselves  very  fortunate  indeed,  for  during  the  long  days  they 
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jget  about  SO  shuu  or  washings  prijdnciu«^  one  rati  each,  and  durin«r 
the  short  days  about  25  shicaj  each  party  thus  makio^  on  an  average 
about  oue-fourth  of  a  tola  of  gold  daily.  When  they  happen  to  fail  on 
a  good  old  stream  that  has  not  been  disturbed  for  five  or  six  yeare^  they  get 
two  ratU  of  gold  from  every  skia  or  washing,  and  then  each  party 
mokee  about  half  a  tola  daily. 

"  The  gold  and  sand  of  tho  last  washing  is  collected  into  pottles  (or 
4sho»ga)  i>y  spreading  a  leaf  of  copat  or  some  other  plant  at  the  end  of 
the  trough,  and  dropping  water  very  gently  on  the  sand  through  the 
small  hole  in  the  calabaJ^h,  whleh  causes  a  parting  of  the  sand  and  gold 
tbrowu  on  the  leaf  j  when  the  whole  is  collected  in  this  way  it  is  put 
into  the  poitk  and  tied  up  tmd  the  next  washing  is  commenced  on.  As 
soon  as  they  have  collected  enough  in  the  pottles  they  give  up  washing 
the  common  sand,  but  pour  out  the  gold  and  sand  from  pottles  into  the 
trough  agaiuj  and  putting  in  about  an  anna's  weight  of  quicksilver  for 
each  tola  of  gold-dust,  they  pour  water  over  the  sand  to  keep  it  in 
motion,  while  the  quiuksilver  remains  lielow  with  the  gold-dust  and 
forms  it  into  a  lump ;  this  lump  is  then  put  into  a  shell  and  on  a  fire  of 
naAat  wood  charcoal  ;  when  the  quicksilver  evaporates  the  shell  be- 
comes lime,  it  is  then  carefully  taken  up  in  a  spoon  and  thrown  into 
water  when  the  gold  falls  to  the  bottom  j  if  it  be  of  a  bi-ass  color  it  is 
wrapped  in  a  paste  made  of  clay  from  the  cooking  cktUas  mixed  with  n 
•little  salt  and  burnt  in  a  fire,  which  gives  it  a  proi)er  colour.  This  process 
causes  an  al>solute  refinement  of  the  sm'face  of  the  gold ;  it  is  the  same 
used  in  gold  rcfming  by  the  natives  generally,  but  in  the  latter  case  the 
metal  has  to  be  retluced  in  the  first  instance  to  very  thin  leaves  to  allow 
the  muriatic  acid  fumes  to  penetrate  and  unite  with  the  alloy." 

A  very  large  proportion  of  the  gold  which  is  obtained  in  Aseam  ts 
doubly  derivative  coming  from  the  degradation  of  the  tertiary  rocks. 
In  the  upper  reacWs  of  the  Brahmaputra  it  is  probably  directly  derived 
from  the  crystalline  rocks.  It  is  important  that  tliis  should  be  clearly 
understood,  and  that  the  prospect  of  finding  gold  in  its  original 
matrix  in  the  easily  accessible  parts  of  the  valley  of  the  Bhramaputra 
is  very  small. 

Darrang  District. — lu  liie  Djinang  district  several  of  the  rivers 
which  join  the  Bhramaputra  on  the  north  are  said  to  contain  gold,  which 
is  still  or  lias  formerly  been  washed  for.  They  are  the  Bhoroli,  which  10 
)>erhap8  identical  with  the  Bhaimvi,  the  Burigang  (or  Boongawn),  and 
the  Bargang  (or  Burrowgawn). 

BuoROLi  RivEU. — This  name  appears  to  be  repeated  in  several  parla 
o(  Aflsam,  so  it  is  uooertain  which  is  referred  to.     A  particular  river 
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which  bears  ft,  however,  is  said  to  hnvc  been  noted  for  ite  ^uld.'  It  joins 
the  Bhramapuira  6  or  6  miles  above  Tezpur. 

Bhaibavi  River. — Under  this  name  a  river  in  Darrang  is  stat^'  to 
jrield  g«old  of  a  superior  quality.  The  name  does  not  appear  on  the  map, 
but  from  the  indication  of  its  position  as  rising  in  the  Aka  hills  it 
is  probably  the  proper  name  of  the  Bhoroli. 

BcRiOANO  RivgR. — This  river  rises  in  the  Dufla  hills  and  joins  the 
Bhramaputra  near  Bishnath ;  it  is  said  to  contain  gold.' 

Babgang  RiVKR.'^— This  river  rises  also  in  the  Dufla  hills  and  joins  the 
Bhramaputra  3  or  4  miles  above  the  last  mentioned.  Both  for  the  quan- 
tity and  quality  of  its  gold  it  is  said*  to  have  been  more  noted  than  the 
Dikrang  even. 

Sibsagfar  District. — The  priucipal  rivers  whose  sands  include  gold  in 
the  Sibsagar  district  are  the  Dhaneswari,  with  its  tributary  the  Pakerguri, 
the  Desue  or  Disoi,  the  Jangi  or  Janji,  and  the  Buri  Dihing ;  but  the 
auriferous  deposits  on  the  flanks  of  the  Naga  bills  extend  throughout 
from  the  Dhaneswari'  to  the  Noa  Dihing. 

Dhaneswari  (or  Dhunsiri)  RivEft. — For  comparison  with  the  yields 
of  other  rivers,  Colonel  Hannay  mentions  that  he  was  informed  by  the 
chief  of  the  washers  that  in  this  river  1 5  men  obtained  7  i  tolas  of  gold 
in  from  ISJ  to  15  days.^ 

Disoi  (or  Desue)  River.— In  Colonel  Hannay's  time  tlie  gold-washers 
carried  on  their  operations  one  and  a  half  days'  journey  above  Jorhat, 
where  the  bed  is  stony.  Here  the  yield  was  about  the  same  as  in  the 
Dhaneswarij  15  men  having  obtained  7^  tolas  in  li  days.^ 

Pakerouri  Rtver. — According  to  Colonel  Hannay,**  Mr.  Montgomery 
Martin  h;is  recorded  that  the  Assam  Government  received  into  the  royal 
treasury  1,500  grains  weight  of  gold  yearly  from  a  gfold  mine  called 
Plakerguri,  situated  at  the  junction  of  the  Dhaneswari  with  the  Bhrama- 
putra. There  is  some  obscurity  about  this,  as  the  Pakerguri  joins  (ho 
Dhaneswari  a  day's  journey  from  the  Bhramaputra. 

The  Disoi  and  the  Joglo  rivers  yielded  the  best  gold  in  Assiim,  aiul 
the  gold  ornaments  for  the  Raja's  family  aro  said  to  have  been  made 
exclusively  from  the  gold  obtained  in  them. 

*  Jonr.,  A«.  Soo.,  Ikuig«l.  Vol.  VII.  p.  126. 

s  StotutioU  Aocount  of  AsMni.  Vol.  I,  p.  106. 

*  EMt«rn  India,  hy  Motitgouiery  Murtiu,  Vol.  Itl,  p.  6i8. 

*  Idem. 

*  Joiir.  A».  Soe.,  B«»g&l.  Vol.  XXII.  p.  513. 

*  Op.  ei/.,  Vol.  VI.  p  62H. 
»  Op.  «M/..  Vol.  VII.  p.  628. 

*  Op.  eit..  Vol.  XXII,  p.  613, 
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Janoi  or  JaNji  River. — In  this  river  according  to  Colonel  Hannay/ 
15  meu  washed  for  twelve  days  and  obtained  7^  tolas  of  gold. 

Bari  DiHiNo  RiVKB.— Colonel  Uannay  mentions^  that  a  party  of  traders 
in  salt,  3 1  in  number,  washed  for  gold  for  one  month  in  this  river  and 
roalisfd  only  12  annas  weight,  or  about  12  rupetV  worth. 

Lakhimpur  District. — Tliis  district  appears  to  include  a  greater 
wiimber  of  named  and  distinctly  auriferous  rivers  and  streams  than  the 
whole  of  the  rest  of  Assam  put  together.  The  total  yield  of  gold  about 
1863  was,  according  to  Colonel  Dalt^jn,  twenty  pounds  weight  per  annum, 
worth,  say,  abont  £1,201).  Here  too  the  Bhramaputra,  or  as  it  is  called 
above  Deljong  Mukh  the  Lohit,  contains  gold  in  sufiicient  abundance  to 
be  washed  for.  The  principal  tributaries  of  the  Bhramaputra  on  the 
north  which  yield  gold  are  the  Dikrang,  Borpani,  Subanshiri,  Sisi, 
Dihong,  Dibong,  Digara,  and  on  the  sonth  the  Joglo  and  the  Noa  Dihing. 

Bhramaputra  Hiv£k. — Colonel  Ilannay  states*  that  about  the  year 
18'SS,  above  Sadiya,  a  party  of  gold-washciij,  consisting  of  12  men,  washed 
for  20  days  and  realist-d  seven  tolas  of  gold.  In  the  vicinity  of  Tcngapaui 
Mukh  a  party  of  Kacharis,  (50  in  number,  washed  for  five  days  and  realised 
25  rupees'  weight  of  gold  :  also  35  men  for  one  month,  who  collected 
half  a  tola  or  8  rupees'  worth  of  gold  e:ich. 

In  the  year  1853^  the  total  outturn  of  the  Bhramaputra  was  said  to 
be  from  one  pound  to  a  pound  and  a  half  weight  of  gold  jwr  annum* 

In  the  year  1S55  Colonels  Dalton  and  Hanuay  were  retjuestt^d  by  Gov* 
brument  to  make  a  further  and  more  complete  examination  of  the 
auriferous  deposits  of  Upper  Assam  than  they  had  previously  done.  They 
first  commenced  operations  a  few  miles  above  the  Bhraniakhund  gorge ; 
but  finding  the  deposits  less  rich  as  they  i>enetrated  further  into  the  hills 
they  returned  to  Parghat,  H  miles  below  Bhraniakhund. 

Here  the  river  debouches  from  the  mountains  after  cutting  through 
an  enormous  dej)Osit  of  earth  and  boulders  to  the  depth  of  150  feet. 

The  gold  obtained  above  Parghat  contaiue<l  a  certain  proportion  of 
dendritic  and  crystalline  particles,  while  below  that  point  it  consisted  of 
flattened  spangles  {pejnfen),  evidently  the  result  of  attrition. 

The  actual  source  of  the  gold  was  not  ascertained.  At  Bhramukhnnd 
there  are  slates  and  felsites  in  »ilu.  Travelled  boulders  of  granite,  gneiss, 
&c.,  were  observed  there,  as  also  much  white,  fernigiuous,  and  cellular 
quartz.    The  latter  was  possibly  the  matrix  of  tlie  g^ld. 

'  Joor..  A».  Soc.  Bcngml.  Vol.  VII,  p.  028. 
»  Idem,  \>.  fiar, 

*    Or    r,f  .  Vol    \XII,  \K  514. 
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Gold  from  tbeBhrainapiitra  forwarded  by  Colonels  Dalton  andHanufty, 
which  was  assayed  hy  Dr.  T.  Boycott  at  the  Calcutta  Mint,  yielde<l  only 
88'28l  per  cent,  of  pure  gold.^     Tliis  confirms  on  opinion  of  Muniram 
that  the  gold  obtained  from  the  Kacharis  waa  of  an  inferior  character 
because  they  always  obtained  it  in  the  Bhraraaputra. 

This  gold  was  obtained  partly  in  a  Califoinian  cradle  worked  by  four 
men  at  Gurumora,  18  miles  below  Bhramakhund.  Two  and  a  half  tona 
of  stuff  which  were  passed  through  it  yielded  30  grains,  or  in  value 
Rs.  2-8.  In  the  native  trough  (or  duruni)^  worked  by  three  men,  the 
yield  from  18  cwt.  of  stuff  washed  in  one  day  was  about  12  grains,  or 
in  value  1  rupee.  The  natives  looked  upon  this  as  a  poor  yield,  stating 
that  after  a  flood  they  sometimes  got  double  that  amount. 

DiKRANO  RiVEH. — Tliis  rivcr  has  a  long  course  and  enters  Lakhimpiir 
from  the  Dufla  bills  if  it  does  not  rise  in  them.  It  was  formerly  noted  * 
for  the  quality  and  quantity  of  the  gold  found  in  its  sands. 

BoKPANi. — This  river  is  said  to  be  a  tributary  of  the  Pisola,  a  name 
not  on  the  map.  There  is,  however,  a  Borpani,  a  tributary  of  the  Dikraug. 
It  is  said*  to  have  been  more  remarkcable  for  the  quantity  than  the 
quality  of  it-s  gold. 

SuBi-NSHiRi  River. — There  is  little  recorded  about  this  river,  but  the 
average  yield  about  the  year  1853  was  from  three  to  four  pounds  weight 
of  gold.    It  was  thus  one  of  the  most  valuable.* 

8i88i  BiVEii. — Colonel  Dalton*  estimates  the  average  yield  from  the 
gold'liearing  sands  of  this  river  to  bo  15  grains  to  a  ton.  About  one 
pound  weight  of  gold  was  obtained  per  annum  from  this  stream. 

DiHONG  RiVKB. — The  gold  from  this  river  contained  90'234  per  cent, 
of  pure  gold.  It  is  alluded  to  as  being  one  of  the  richest  in  Assam.  In 
the  experiments  conducted  by  Colonels  Dalton  and  Hannay'  h\  tons  of 
gravel  yielded  90  grains  of  gold,  or  at  the  rate  of  1G|  grains  per  ton. 
If  the  large  fragments  which  can  be  removed  by  hand  be  excluded  the 
yield  would  be  22  grains  jier  ton. 

The  Califomian  cradle  used  on  this  occasion  waa  found  to  give 
proportionally  more  to  each  of  the  four  men  employed  upon  it  than 
did  either  the  native  trough  with  its  three  men,  or  the  Singpho 
washing-dish  with  two.     The  annual  yield  was  from  two  to  four  pounds 

•  Mem.,  0.  S.  I..  Vol.  I.  p.  03- 
=  .four..  A*.  S«H'.,  IkMinnil,  Vol.  VII,  p.  <t28. 
■  Eju^K'ni  Iiidi*  liy  Muutgotnery  Miirtiii,  Vol.  Ill,  p.  64S. 

•  Idem 

•  Joiir.,  A*.  8oo..  Bengal.  Vol.  XXII.  p.  514. 

•  /rf^. 
»  Mem.  O.  S.  I.,  Vol.  I,  p.  02. 
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of  pure  gold  apparently,  but  the  name  is  printed  Dihong  (vide  infra, 
Dibong). 

DiBONG  River. — The  annual  jneld  of  gold  from  this  river  was  esti- 
mated in  1853  to  be  from  one  pound  to  one  and  a  half  pounds  in  weight ; 
another  statement  is  that  it  is  from  two  to  four  pounds.  In  one  of 
these  cases  it  is  evident  that  Dibong  is  a  misprint  for  Dihong.  ^ 

DiGARO  River. — About  5  miles  from  its  junction  with  the  Bhrama> 
putra,  gold  was  found  hj  Colonels  Daltou  and  Hannay  in  the  bed  of 
this  river,  but  only  in  small  quantities,  and  higher  up  stream  washing 
was  not  successful.* 

JooLO  OB,  JuGLA  RiVEE. — ^This  river  rises  in  a  range  of  small  hills 
which  stretch  across  from  Jaipur  to  Sadiya.  After  a  very  short  course 
of  a  few  miles  it  falls  into  the  Buri  Dihiog. 

In  the  Joglo  the  soil  and  sand  is  scraped  from  the  banks  and  washed; 
that  which  has  collected  about  the  roots  of  trees,  especially  about  those 
of  tree  ferns,  is  considered  to  be  most  rich  in  gold.*  Allusion  has  l>een 
already  made  to  this  above,  and  also  to  the  tradition  that  in  this  tract 
a  native  traveller  found  gold  in  lumps  attached  to  an  edible  root.  In 
olden  times  it  is  said  that  from  the  richness  of  the  gold  here  the  area 
through  which  the  river  flows  was  kept  as  a  royal  preserve,  and  Muni- 
ram  says  that  the  gold  brought  by  the  Sonwals  of  this  tract  was  the 
best  in  all  Assam.  In  the  year  1853  it  was  visited  by  Colonel  Dalton,* 
who  states  that  it  had  been  deserted  by  the  gold-washers  in  conse- 
quence of  it  costing  more  to  propitiate  the  evil  spirits  of  the  place  who 
guarded  over  the  mineral  treasures  than  they  could  aftord  to  pay.  As 
the  spirits  were  not  considered  to  bo  hostile  to  Europeans,  Colonel 
Dalton,  without  any  preliminaiy  propitiation,  set  the  washers  who  were 
with  him  to  work.  The  ancient  alluvial  deposit  here  appears  to  l)e  of 
very  considerable  extent  and  thickness.  A  stratum  of  gravel,  about 
15  feet  above  the  highest  water- mark,  was  proved  to  contain  gold.  The 
natives  made  use  of  a  sluice  by  forming  two  embankments  with  bamboo 
and  rubbish,  thus  dividing  the  river  into  throe  channels,  which  enabled 
them  to  turn  the  water  in  or  out  of  the  central  channel  into  which 
they  collected  a  heap  of  grnvel.  By  means  of  sieves  tliey  removed  the 
larger  pebbles,  while  the  current  carried  away  the  finer  sediment.  The 
residue  was  then  washed  in  pans  with  much  more  satisfactory  resulu 
than  usual. 


»  Jonr.,  A«.  Soc.,  Bengnl,  Vol.  XXO,  p.  614. 

*  Mem.,  0.  S.  I.,  Vol.  I,  p.  91. 

J  Jour.,  Ar.  Soc.,  Bengal,  Vol  VII,  p. 

«  Op.  ait..  Vol  XXII»  p.  611. 


Economic  Geology.] 


MANIPUR  STATE. 


^17 


Colonel  Dalton's  ro«<Th  estimate  of  the  outturn  was  18  grains  of 
gold  to  the  ton  of  rabble  wbii^ih  was  washed.  This  was  equal  to  about 
8  grains  per  man  per  diem.  He  points  out  that  before  the  yield  of  this 
field  can  be  properly  ascertained  the  baee  of  the  deposit  should  be  exa- 
mined. 

NoA  DiHiNG. — According  to  Colonel  Hannay*  a  party  of  20  Kacharis 
who  washed  in  this  river  for  three  months,  towards  the  end  of  1837, 
obtained  10  tolas  weight  of  gold,  which  was  sold  at  Sailiya  at  the  rate  of 
Be.  12  per  tola.  Their  earnings,  therefore,  were  Rs.  2  per  man  per 
month.  Colonel  Hannay  remarks  on  the  fact  that  after  the  coarser 
portions  are  removed  the  residue  includes  a  number  of  minute  and 
beautiful  crjstals  of  (juartz.  This  haa  not  been  noticed  elsewhere  in 
Upj>er  Assam. '^ 

During  the  examination  made  by  Colonels  Dal  ton  and  Hannay  in 
1855,^  the  Noa  Dihing  was  found  to  contain  gold  in  larger  pn^portiona 
than  the  Bhramaputra,  but  only  in  the  form  of  minute  spangles,  very 
liable  to  be  carried  away  in  the  washing.  The  gold  was  found  to  diminish 
in  quantity  as  the  hills  were  neared.  Traces  of  platinum  were  obtained 
with  tlie  gold. 

Khasi  Hills. — There  is  a  sample  of  gold  in  the  geological  museum 
which  is  said  to  have  been  obtained  in  the  Khasi  hills,  and  Dr.  Oldham 
obtained  traces  of  gold  in  the  iron  sand  from  these  hills. 

Manipur  State. — For  an  account  of  the  production  of  gold  in 
Manipur  we  mu!*t  go  back  to  a  letter  by  Captain  (J rant  to  Mr.  Swinton, 
dated  April  1832.*  The  principal  interest  in  this  letter  centres  in  the 
description  of  the  method  of  washing.  The  sand  and  gravel  is  first 
placed  in  a  sieve  and  the  finer  parts  fall  on  to  a  hollowed  plank,  4  feet 
long  and  2i  feet  wide  at  the  upper  end  and  1|  feet  at  the  lower,  which 
is  open,  the  top  and  margins  being  protected  by  a  rim  or  margin  half  an 
inch  high.  The  lower  half  is  cut  into  grooves  half  an  inch  deep  and  the 
same  in  width.  The  fine  sand  caught  in  these  grooves  is  washed  in  a 
wooden  dish  resembling  a  shield  in  shape,  which  has  a  polished  black  in- 
ternal surface  and  a  receptjicle  in  the  centre  ;  placed  floating  in  the  water 
it  is  revolved  till  all  the  sendiment  is  removed  and  the  iron  sand  and 
gold  left  remaining.  The  river  in  which  the  gold  occurs  is  called  the 
Ningthee.  By  means  of  the  above  described  implements  about  1  grain 
of  gold  was  obtained  in  a  quarter  of  an  hour, 

•  Jam-..  Aa.  Soc.  lionptl.  V..I.  VII,  p.  R27 

'  Cottf.  Clol.t  Kicliljt  €»r  Vietorin  hy  U,  llruttgh  Smyth,  p.  MQii. 
»  Mt.ni..(J.  S.  I.,  Vol.  1. 1..  01. 

*  Jour..  As.  Soc.,  Ilvngnl.  Vol.  I.  p.  148. 
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Tipperah.— Tlie  occurrence  of  gold  in  Tipperah  is  not  indicated  by 
any  recent  authority,  but  Tavernier,*  in  his  enumeration  of  places  where 
gold  is  produced  in  Asia,  mentions  the  kingdom  of  Tipra,  for  which 
perhaps  we  should  read  Assam.  He  says  the  gold  "  is  coarse,  almost 
as  bad  as  that  of  China/' 

British  Burma. — Within  the  limits  of  British  Burma  gold  has 
been  found  in  the  beds  of  the  Irawadi  and  some  of  its  tributaries^  in 
the  Pegu  division,  and  in  the  beds  of  the  Sittang  and  tributaries.  The 
Tavoy  river  and  the  Great  Teuasserim  and  tributaries  in  the  Tenasserim 
division,  also  contain  auriferous  sands,  but  the  gold-washers'  trade  appeare 
to  be  very  unremunerative.  So  far  as  is  known  no  gold  has  been  found 
in  the  Arakan  Division. 

Pegu  Division:  Pbome,  Lat.  18°  47'  53";  Long.  96°  18' 18".— 
Mr.  Theobald^  states  that  gold  was  occasionally  washed  for  in  the  sand 
of  the  Irawadi  opposite  Prome,  but  he  himself  only  witnessed  it  at  the 
following  locality. 

Shwk-Gyeno,  Lat.  19°  2'  N. ;  Long.  96^  5'  E.— Mr.  Theobald 
epells  the  name  of  this  place,  which  is  in  the  Pegu  division  a  little  above 
Monyo,  differently  from  that  of  another  locality  presently  to  be  men- 
tioned, which  is  in  the  Tenasserim  division  ;  but  in  the  Gazette  of  British 
Burma  they  are  both  spelt  as  above.  The  word  means  gold-wash- 
ing. 

The  gold  is  found  in  a  coarse  gravel,  and  the  sand,  after  the  removal 
of  tlie  coarser  portions  by  a  strainer,  is  washed  on  an  inclined  board. 
The  heavy  portion  caught  on  the  board  is  then  finally  washed  in  a  cir- 
cular band- dish,  and  the  gold  is  amalgamated  with  mercury.  The  earn- 
ings are  said  to  be  small,  not  more  than  two  or  three  annas,  a  miserable 
remuneration  where  the  ordinary  hire  for  a  cooly  is  eight  annas. 

Tenasserim  Division. — Shwe-Gyeng,  Lat.  17°  54'  40"  N.;  Long. 
96°  51' 15"  E.— In  the  year  1853  Captain  Wyndham  visited  the  gold- 
washings  which  arc  situated  near  the  junction  of  the  Shwe-gyeng  and 
Moot-ta-ma  rivers,  about  10  miles  to  the  south-west  of  the  town  of 
Shwe-gyeng,  on  the  Tsit-toung  (Sittang).  These  washings  are  known 
to  be  of  gi-eat  antiquity,  and  in  the  time  of  the  Native  Government  there 
was  a  Farmer  General  who  paid  a  certain  sum  to  the  royal  treasury  and 
sublet  the  privilege  of  washing  to  numbers  of  persons. 

Specimens  of  the  gold-bearing  sands  which  were  obtained  by  Captain 
Wyndham  were  forwarded  to  Dr.  Oldham*  who  reported  upon  them. 

•  Travela.  Pnrt  II.  Rh. It  II.  p.  15«. 
'  Mitii..  O.  S.  I..  Vol.  X,  |i.  343. 

»  0/>.  eit..  Vol,  I,  p.  m. 
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In  a  fifth  of  a  cubic  foot  '75  of  a  grain  was  obtained  by  washing  and  in 
addition  '20  by  amalgamation,  in  all  "95  of  a  grain.  The  sand  consisted 
of  particles  of  metamorphic  rocks  with  schorl  and  magnetic  iron.  Two 
nuggets  purchased  in  the  bazaar,  and  which  may  have  come  from  the 
Shan  States,  were  imbedded  in  quartz.  The  gold  dust  contained  9i  per 
cent,  of  pare  gold  and  8  per  cent,  of  silver, 

Subsequectly  this  locality  was  visited  by  Mr.  Theobald,*  who  says 
that  the  auriferous  beds  presented  much  resemblance  to  those  containing 
gold  in  Russia,  and  which  had  been  described  by  Sir  R.  Murchison  in 
his  Siluria.  From  the  marked  scarcity  of  quartz  pebbles  he  concluded 
that  quartz  was  not  the  sole  matrix  ;  he  believed  that  the  gold  was  de- 
rived from  the  rocks  near  the  sources  of  the  Moot-ta-ma,  and  his  esti- 
mate of  the  daily  earnings  of  the  washers  was  only  5  annas  per  man. 
Subsequently  some  Chinese  tried  washing  here,  but  did  not  find  the 
work  sufficiently  remunerative  so  they  gave  it  up.* 

In  the  year  ls67  Mr.  Abernethy,3  an  Australian  miner,  nidod  by  the 
Government,  penetrated  further  than  the  Chinese  usually  worked,  but 
was  unable  to  make  the  work  pay.  He  condemned  the  sotirces  of  the 
gold  as  being  steep  and  rocky,  and  having  a  hard  smooth  letlge  upon 
which  gold  is  seldom  found  in  paying  quantities. 

He  also  examined  the  sources  of  the  Baw-ga-ta  with  much  the  same 
result.  None  of  the  accounts  quoted  state  whether  there  are  any  quartz 
reefs  in  this  region  or  not. 

Yay  or  Re,  Lat.  lb"  15'  N.;  Long.  97'  53'  E.— According  to*  the 
Rev.  Mr.  Mason, gold  is  found  in  the  streams  which  fall  from  the  granite 
ranges  between  Yay  (Re)  and  Monmagon  or  Moung-ma-gan. 

Henzai,  Lat  U*'  48'  N  ;  Long  98°  10'  E.— The  last-quoted  authority 
states  that  gold  was  found  by  Mr.  O'Riley  with  the  tinstone  at  this 
local  ity. 

Tavoy,  Lat  W  6'  N ;  Long  9S^  10'  E.— Gold  is  also  said  to  occur 
with  the  tin  ores  which  are  found  east  of  Tavoy.  The  richest  deposit 
is  one  of  red  earth  and  jjebbles  near  the  source  of  the  Tavoy  river.  On 
the  eastern  side  of  the  range,  at  the  base  of  which  this  deposit  rests,  the 
Siamese  Government,  according  to  Dr.  Morton,  who  is  quoted  by  the 
Rev.  Mr.  Mason,  employ  several  hundreds  of  men  permanently  to  wash 
for  gold ;  each  man  is  expected  to  find  one  tickal's  weight,  or  about  20 
rupees'  worth  of  gold  per  annum.  In  former  times  the  Burmese  Govern- 
ment exacted  a  similar  service  on  the  Teuasserim  side. 


'  R<'port  on  A(lminif«triition  of  BritUb  Burma,  I863'6i,  p.  66. 

«  Op.  cit.,  1866-67.  p.  00. 

*  Ojf.  cit.,  imS-Od,  p.  107 ;  and  Gazette  of  Brittsli  Bvirma,  Vol.  U,  p.  $4Q.  ' 
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A  native  ofEcer  in  Tavoy  obtained  about  10  rupees*  wortb  of  gold  in 
nine  da}V  washing.  The  composition  of  this  gold,  according  to  an  assay 
at  the  Calcutta, Mint,  vraa — gold,  87'895;  silver,  9*241;  base  metal> 
2-864;  total,  100. 

TiiNAssERiM,  Lat  18*'  8'  N. ;  Long,  98*'  55'  E.-— According  to  Dr. 
Heifer'  almost  all  the  tributaries  of  the  Tenasserira  river  contain  gold. 
Near  the  old  to\ni  of  Tenasserim  there  are,  or  used  to  be,  pits  sunk  in  the 
alluvium  from  which  gold  was  obtained.  It  is  stated  that  the  workers 
sometimes  obtained  one  or  two  annas'  weight  during  the  season. 

Upper  Burma. — The  use  of  gold  in  Burma,  both  for  the  purpose  of 
ornamenting  buildings  and  decorating  the  person,  is  universal  through- 
out, but  it  is  perhaps  more  prominently  brought  to  notice  in  the  cities 
and  towns  of  Upper  Burma.  A  portion  of  this  gold  is  obtained  from 
washings  in  the  country,  but  by  far  the  greatest  amount  is  imported 
fi-om  China.  Mr.  Spears,  as  quoted  by  Dr.  Oldham  in  1855,  estimated 
the  average  imports  at  1,100  lbs.  weight,  and  the  indigenous  gold  which 
was  brought  to  the  capital  at  360  lbs.,  making  a  total  consumption  of 
1,460  lbs.  Except  when  manufactured  into  leaf  the  export  was  prohi* 
bited. 

It  seems  probable  that  the  gold  of  Upper  Burma  is  more  frequently 
doubly  derivative  like  the  gold  of  Assam  than  is  that  of  Lower  Burma, 
which  in  some  instances  certainly  comes  directly  from  the  crystalUnd 
rocks. 

Hlkono  Valley. — Captain  Hannay*  enumerates  gold  with  other 
products  of  the  llukong  valley.  It  is  found  both  in  dust  and  in  pieces 
of  the  size  of  a  large  pen.  The  rivers  which  produce  the  gi'eatest  quan- 
tity are  the  Kapduj)  and  Nam  Kwan ;  pits  are  dug  on  the  banks  of  the 
former,  and  the  gold  is  found  in  the  old  alluvial  deposits.  In  quoting 
the  above  account  Dr.  Anderson  adds  to  it  that  he  was  told  by  a  Kamthi 
Shan  and  the  Chinese  at  Momein  that  gold  is  abundant  near  the  sup- 
posed junction  of  the  two  main  streams  of  the  Irawodi,  in  the  Kamthi 
country. 

Kannee  Myo,  Lat.  22*'  30' ;  Long.  95°,  on  the  Kyendwen  River. — 
When  describing  the  occurrence  of  platinum  at  this  locality  [vide  p.  169), 
the  mode  of  collecting  the  gold  with  which  it  occurs  has  already  beeii 
mentioned.  Horns  of  the  wild  cow,  with  the  hair  on,  were  planted  in 
the  beds  of  the  river  to  arrest  the  gold,  and  when  charged  with  the 
spangles  were  sold  for  12  or  13  tickals  each.  The  addition  that  dcors' 
horns  were  sometimes  used  for  the  same  purpose  is  a  complete  puzzle,  ne 

•  Second  Boport  on  Ibc  Proriocw  of  Vc,  Tiiroy  nnd  McrguJ ;  Cftlcuttn  i  1839,  p.  84> 

*  Joor ,  A«.  Soc.,  Uongml  VoL  VI,  p.  270. 
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the  velvet  on  deers'  horns  eouM  bardly  act  in  this  manner;  the  use  of 
deers'  skins  would  be  intelligihle  enough,^ 

Upper  Irawadi. — In  the  upper  parts  of  the  Irawadi  both  at  Bhamo 
Rnd  near  Thingadhaw,  where  the  coal  mines  are,  gold  is  obtained  in  the 
sands.*  Near  the  coal  mines  of  Ket-zu-bin,  which  are  some  miles  about 
due  south  of  those  of  Thingadhaw,  Dr.  Andei*son'  states  there  is  a  small 
rivulet  which  is  auriferous ;  he  was  informed  that  a  single  washer  could 
earn  the  eqivalent  of  3  shillings  a  day.  A  few  miles  nearer  Thiugndhaw 
the  Ponnah  creek  contains  gold;  but  the  washers  are  described  aa  being 
miserably  poor ;  they  stated  that  much  larger  quantities  were  obtained  at 
Shwe  Gyeng  two  days'  journey  northwards.  Dr.  Anderson  also  records* 
that  when  at  Bhamo  he  was  shown  a  small  quantity  of  gold  in  grains 
as  large  as  peas,  which  he  was  told  came  from  a  hill  to  the  north  of  the 
village  of  Ponline. 

Silver:  (General  Remarks. — Silver  occurs  native  and  alloyed  with 
gold,  but  one  of  its  most  common  modes  of  occurrence  is  in  combination 
with  sulphur  as  a  sulphide,  and  when  in  this  condition  it  is  often  associated 
with  sulphides  of  other  metals,  such  as  lead,  antimony,  copper,  arsenic, 
&C.J  &c.  Its  occurrence  as  a  chlonde  appears  to  have  been  only  once 
recorded  in  India. 

Although  there  is  abundant  evidence  to  show  that  by  metallurgical 
processes  the  natives  of  some  parts  of  India  were  able  to  separate  silver 
from  gold,  and  also  to  extract  the  silver  from  argentiferous  galena,  there 
appears  to  be  no  very  direct  proof  forthcoming  that  silver  was  ever 
produced  to  any  large  extent  in  the  peninsula,  though  it  is  not  impro- 
bable that  such  was  the  case.  It  may  be  a  disputed  point  as  to  what 
countries  were  indicated  by  Pliny  in  the  following  passages  in  so  far  aa 
they  refer  at  least  to  silver :  "  The  Durdaneans,"  he  says,  *'  iuhubit  a 
country  the  richest  of  all  India  in  gold  mines,  and  the  Setaj  have  the 
most  abundant  mines  of  silver."  Again  :  "  In  the  country  of  the  Nare», 
on  the  other  side  the  mountain  Capitalia  {i.e.  Mount  Abu),  there  are  a 
very  great  numl>er  of  mines  of  gold  and  silver  in  whioh  the  Indians  work 
very  extensively."  Those  passages  have  already  been  quoted  in  reference  to 
gold.  It  has  been  suggested  by  Mr.  Culvert  that  the  country  of  the 
SetsB  was  the  Wazir-i-rupi^  or  silver  country  of  the  VVazire,  i.e.  Kulu, 
where  argentiferous  galenas  undoubtedly  do  occur  {vide  Chapter  VI}. 

«  Joar.,  Ai.  Soc,  Bengal,  Vol.  I,  p.  Ifi,  luid  VoL  IIT,  p.  207. 
*  Oldlintn.     Euilynniy  toAvN,  Appendix,  p,  3-lrik 
^  Expedition  to  Yuuan  vii  Bbamo,  p.  800. 
<  Jd^m,  p.  60. 
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General  Cunuingham  many  years  ago,  however,  expressed  an  opinion 
that  the  passage  ending  Setm  vero  argente  may  havo  referred  to  the  Sethi 
or  native  hankers  in  whose  hands  the  wealth  of  India  has  heen  for  ages. 
But  one  of  his  reasons  for  doing  so  was  that  the  existence  of  ores  con- 
taining silver  in  India  was  not  then  generally  recognised. 

As  for  the  silver  mines  in  the  country  of  the  Nareoe,  it  may  be  that 
they  were  identical  with  some  of  the  numerous  ancient  mines  in  South- 
ern India,  where  we  know  that  argentiferous  galena  was  found  {vuh 
Chapter  VI).  These  are  situated  in  the  districts  of  Kadapah  and 
Karuul,  and  were  therefore  in  the  vicinity  of,  if  not  actually  included  in, 
the  country  of  the  Nairs  or  Malabar  j  the  silver  may  have  lieen  brought 
to  the  ports  of  Malabar  and  there  sold  tp  Chinese  and  other  traders. 
There  seems  to  be  good  reason  for  believing  that  the  Chinese  did  obtain 
silver  from  India ;  it  was  a  metal  more  highly  esteemed  by  them  than 
gald^  for  which  they  were  willing  to  exchange  it,  according  to  Taver- 
nier,i  at  pur  !  who  says  that  except  in  Japan  there  were  no  silver  mines 
in  all  Asia.  However,  in  another  place  he  mentions  gold  and  silver 
mines  in  Assam  {op.  cU.,  p.  187). 

Marco  Polo,'  in  his  description  of  Malabar,  states  that  ships  coming 
from  the  East  to  trade  there  brought  gold  and  silver,  together  with  silks, 
spices,  &c.,  to  exchange  for  the  products  of  the  country,  but  in  his  time 
the  local  production  may  have  ceased  or  the  silver  may  have  come  from 
other  countries  to  be  rcshippod  to  China,  where  there  has  been  always  too 
great  a  demand  for  it  to  make  it  Ukely  that  it  was  exjwrted  from 
thence. 

It  has  heen  thought  by  some  that  names  compounded  of  the  word 
Ckand  or  silver,  which  belong  to  certain  towns  and  rivers  in  the  BhaguU 
pur  division  of  Bengal,  may  have  reference  to  an  early  knowledge  of 
the  fact  that  the  ores  of  lead  which  occur  in  their  neighbourhoods  were 
argentiferous. 

Tlio  extraction  of  silver  from  argentiferous  galena  iu  probably  still 
practised  in  Kandahar,  and  possibly  also  in  Kashmir;  but  the  only  region 
where  it  seems  to  be  a  regular  industry  is  in  the  Shan  States.  Dr. 
Balfour*  states,  however,  that  at  Jungumrazpilly,  in  Kadapah,  the  natives 
extract  silver  from  galena  by  a  tedious,  clumsy,  and  exjiensivo  process  in 
which  the  lead  is  all  lost.  This  may  be  a  remnant  of  the  former  manu- 
facture to  which,  as  is  suggested  above,  Pliny's  allusion  refers. 


>  Truvcl*.  Bngliflh  Eilitioa,  Part  II,  Book  U,  Cliap.  XXIII,  p.  ISO. 
»  Colonel  Yttle'«  Marco  Polo,  Vol.  I,  p.  150. 
*  CycloptedlA,  Art.— Galena. 
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Marco  Polo^  speaks  of  mines  containing  a  great  amount  of  silver 
ore  in  Badaksban,  upon  which  Colonel  Yule  has  remarked  that  he  doc« 
not  know  of  any  nearer  than  those  of  Prayan,  in  the  valley  of  Panjshirj 
south  of  the  crest  of  the  Hindu-kush, 

In  the  table  which  follows  there  will  be  found  enumerated  all  the 
well-authenticated  assays  for  silver  of  the  ores  of  lead  and  copi>er  in  India 
which  have  been  proved  to  be  argentiferous.  A  second  table  g-ives  the  per- 
centages of  silver  which  have  been  found  alloyed  \vith  Indian  gold  from 
different  localities.  As  the  information  available  in  reference  to  the  abun- 
dance of  the  galena  is  given  elsewhere,  it  will  be  unnecessary  to  anticipate 
it  here. 

Tliere  are,  however,  several  recorded  cases  where  native  silver  has  been 
said  to  have  l^een  found,  and  to  these  reference  must  first  Iw  made. 

Msidras:  Mysore. — According  to  Sir  W.  Aiuslie,*  Captain  Arthur 
discovered  silver  in  its  native  state  in  thin  plates  adhering  to  some 
specimens  of  cubical  crystals  of  gold.  Ho  is  also  said  to  have  found  it 
in  the  condition  of  chloride  associated  with  iron  pyrites.  Those  state- 
ments, though  scarcely  of  economic  importance,  have  been  so  frequently 
quoted  in  works  on  Southern  India  that  it  has  been  thought  well  to 
reproduce  them  here.  1£  the  assays  by  Dr.  Scott  of  the  Karnul  galena 
are  to  be  depended  on  they  indicate  an  extraordinarily  rich  ore :  374  oz., 
175.  oz.  3  dwts.,  165*76  oz.  of  silver  in  the  ton  of  lead;  but  in  his 
original  examination,  according  to  Dr.  Balfour,  he  found  no  trace  of 
silver.  If  those  amounts  were  really  found  by  careful  assay  then  tho 
Karnul  galena  mines  certainly  deserved  the  title  of  silver  mines. 

Regarding  some  Kadapah  galena  from  amine,  8  miles  north  of  Kada- 
pah  town,  which  had  been  worked  by  Tipu  Sultan  and  abandoned  as  being 
unprofitable,  Dr.  Heyne'  states  that,  on  analysis  by  the  Assay  Master 
in  Bengal,  it  was  found  to  contain,  according  to  a  letter  from  Dr. 
Roxburgh,  11  per  cent  of  silver,  for  which,  probably,  we  should  read 
eleven  ounces  to  the  ton  :  since  II  per  cent  otherwise  stated  means  246*4 
lbs  to  the  ton — an  incredible  amount. 

The  average  f)crcentage  of  silver  alloyed  with  the  gold  of  the 
Wynaad  has  Wn  stated  to  be  about  15  per  cent.,  but  it  is  probably 


Rajputana :  Ajmir  Diatrict.— A  statement  exists  which  may  l)o 
taken  for  what  it  is  worth,  that  silver  was  found  in  sand  in  a  well 

»  Culoncl  Yale's  Matco  Polo,  Vol.  11,  pp.  325  inid  327i». 
'  MittvriB  Medic*  of  Hiitdugtau:  Madcw,  1813,  p.  58. 
>  TncU.  p.  S10. 
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sTtiiuted  in  the  westora  portion  of  the  city  of  Ajmir,  called  the  Lakhau 
Koti,  l>ut  the  amount  realised  was  insignificant.^ 

Bombay  :  Dharwar  District. — In  the  streams  from  the  Damhal  or 
Kappatgode  hills,  native  silver  was  found  by  Captain  New  bold'  in  small 
quantities.  It  was  associated  with  native  copper  in  the  gold-dust  which 
was  being  washed  for.  A  fragment  of  a  grey  ore  of  silver  was  also 
met  wif  h,  and  some  white  metallic  particles,  which  it  was  thought  might 
be  silver.  Some  particles  of  native  silver  were  subsequently  found  utidcr 
similar  circumstances  by  Mr.  Foote.^ 

A  rumour  that  silver  occurs  in  the  volcanic  island  of  Adjar,  off  the 
Kattywar  coast,  to  say  the  least,  needs  confirmation,  of  which  at  present 
there  appears  to  be  none. 

The  following  account  of  the  method  of  extracting  silver  from  galena 
in  the  Shan  States  is  given  as  being  probably  fairly  representative  of 
the  native  process  generally. 

Upper  Burma:  Shan  States. — At  Kyouktat,  a  large  village,  there 
are  some  smelting  works  for  the  argentiferous  galena  which  occurs  in 
the  limestones  of  the  district ;  the  precise  position  of  the  mines  could 
not  be  ascertained  by  Mr.  Fedden,*  who  gives  the  following  account  of 
the  process.  The  ore  is  put  into  a  small  cupola  or  blast  furnace,  together 
with  charcoal  and  a  proportion  of  broken  slag.  The  cupolas  are  made  of 
clay  and  are  about  8  feet  high  and  from  14»  to  16  inches  in  diameter. 
The  blast  is  produced  by  means  of  wooden  cylinders  with  pistons,  which 
are  worked  by  two  women  who  stand  on  a  staging  for  the  purpose. 

As  the  galena  is  reduced  by  the  sulphur  being  driven  off,  the  metal 
accumulates  at  the  bottom  of  the  furnace,  and  it  is  then  run  out  and  cast 
into  pigs,  which  on  setting  are  removed  to  the  refining  shed,  where  they 
are  placed  in  a  reverberatory  furnace,  in  which  the  fuel,  consisting  of 
large  pieces  of  charcoal,  is  kept  supported  on  fireclay  supports  just  above 
the  molten  metal.  The  litharge  formed  on  the  surface  is  removed  by 
means  of  an  iron  roller,  and  the  process,  which  may  last  for  twenty^foor 
hours,  is  repeated  till  all  the  lead  has  been  abstracted,  apparently  without 
the  aid  of  cupellation,  and  the  silver  remains,  in  such  apure  condition  that 
until  it  has  been  alloyed  by  the  silversmiths  it  is  not  used  for  currency 
and  jewellery.  The  litharge  is  subsequently  reduced  in  order  to  convert 
it  back  to  metallic  lead.     The  smelter  at  Kyouktat  buys  up  all  argenti- 

'  Selections  from  Records,  Government  of  India,  Tol.  CXIX,  p.  67. 

*  Mndma  Jour..  Lit  and  Sci„  Vol.  XI,  p.  43. 

*  Rt«cord«,  G.  S.  I.,  VoL  VII,  p.  140. 

*  Salwficn  Sonrejing  Expedition  i  Selections  &om  Records,  OoTernment  of  India,  VoL 
XLIX,  p.  39. 
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ferous  and  cupriferous  refuse  from  the  silversmitUs'  shops  and  separates 
the  metals  in  his  furnaces. 

Table  of  Assays  showing  the  amount  of  silver  per  ton  of  lead  '  obtained 

from  galena. 


District. 

Name  of  If  ino. 

Os.  Dwta.  Ors 

Analjflt. 

Date. 

Sample  flrom  wbom 
recelred.  or 
Beference. 

/ 

Janframraipilly     . 
Do.      .       .       . 

in 

19 

li 
IS 

Madras. 

j  p.  W.  Wall 
0   ) 

1868 

P.  W.  WalL 

Do.      .       .       . 
Do.      .       .       . 

S 
1 

U 
16 

u 

A.  Tween    .       . 

July  1871  . 

W.King. 

Kasatas 

Do.       .       .       . 

n 

7 

.0 

F.  B.  Vallet 

Mar  1870  • 

Do. 

Lonkamolla   . 

9 

S 

0 

- 

k 

Do.      . 
Baswapor 
Do.      .       .       . 

8 

8 

S5 

4 
4 
7 

0 
0 
0 

.  P.  W.  Wall 

1 

J 

1868 

fP.W.Wall.  MadTM 
Joar.otLlt.  and 
ScL  Vol.  XX.  p. 

I    S84. 

/ 

Gaxalpallj     . 

6 

19 

0 

P.  W.  Wall 

1868. 

KoilkoDtU     .       . 

IS 

0 

0 

Do.          .       . 

H 

Kammtol        .  : 

r      .      .      . 
F      .       .       . 

r 

178 

0 

s 

0 
0 

Dr.  SfioU     .       . 
Do.          .       . 

..• 

C  Dr.         BalTonr'a 
•      C>rcIopadia,Ari.< 
C    Galena. 

1 

8o«tax.Pbbs.-{ 

1 
I. 

r      .      .      . 
Bairnki  t       .       . 

165 

16 

8 

0 

Bei 

0 

Do.          .       . 

igal. 

Johnaon  and  Mft. 
tbey. 

A.  Tween    . 

Jany.  1850 
Otr.   1856 

Beportto  oncerfn 
•      chargo  of  Gort. 
I    Central  Maaeom. 

J.  Barrati. 

Lakamipv  near   y 
Nia  Damka       j 

60 

6 

s 

ee.  1860. 

/ 

P       .       .       . 
P  (Gangtie) 

8 

8 
18 

14 
9 

1  F.  B.  Mallet 

May  1871. 

/  Comniaaioner    at 
I     Bhagmlpar. 

Phaga  r         .       . 

68 

s 

12 

A.  Tween 

Jane  1875. 

C.  H.  Denbau. 

Bhaoauvb  J 

Phaga  t 

66 

1 

0 

C.  Henwood 

1879. 

Do.      ,       .       . 

103 

s 

IS 

Chem.    Exr.    to 
Govt. 

... 

r  P56  ebittaoki  to 
(    the  ton. 

Dadijor  t 

4S 

s 

0 

C.  Henwood. 

\ 

Kitjarea           .       . 

16 

4 

8 

Do. 

Blibhun 

T        .       .       . 

P        .       .       . 

6 
21 

7 
11 

10 
11 

") 
>  A.  Tween     . 

1860. 

MAnbbiUD 

Dliadka  . 
Do.        .       .       . 

119 
99 

4 
0 

16 
0 

A.  Tween    . 
F.  B.  Mallet 

Jane  1870 
April  1881. 

T.BalL 

f 

nisnta  t 

70 

0 

0 

H.  Piddington. 

Hasaribagh  .-i 

Do.       .        .        . 

0 

0 

0 

Do. 

P         .       .        . 

11 

16 

4 

A.  Tween 

Jane  1870. 

J.  Donaldaon. 

SirgiU* 

Bheloanda 

Trace 

Do.        .       . 

1864 

CoLDaltoo. 

Do.    P 

Chiraikbnnd  P 

7 

7 

0 

Do.       .       . 

Jane  1870 . 

Dr.  Btratton. 

*  In  tome  ca 
darker  than  t  »< 

aea  the  reaolta  are  at 
Bxed. 

atedtobe 

per 

ton  of  or«i  tbeie  are 

Bd  in  tha  table  by  • 
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Tabu  of  Auaya  aXamng  the  amount  of  silver  per  ton  of  lead  >  obtainedfrom 

galena. — (contd.) 


DIatHet. 

Name  of  Mine. 

()a.  Dwta.  Ore. 

Analjst. 

Date. 

Sample  (h>m  whom 

received, 

or  Beferenoe. 

Central  Frovinoes. 

SAXBiLrVI 

Jhnnau          •       . 

la 

5       0 

A.  Tween 

Feb.  1876  . 

v.  Ball. 

Raitv* 

Chlcholi         .       . 

9 

19       0 

Do.    .      .       . 

May  1870  . 

B.  B.  Smart. 

IIotcva&BAD  ' 

Joffa       .       .       . 
Sleemanabad  • 

SI 
19 

S       0 

is     0 

F.  B.  Mallet  .      . 
A.  Tweea 

Jane  1879 . 
Jone  1870 . 

0.  J.  NicholU. 
T.  W.  H.  Hagbes. 

Bewah  and  Bondelkhand. 

SlWAK       . 

BorgowB        . 

8 
5 

0      14 
4     IS 

■  A.  Tween    .      . 

Jane  1870 . 

Dr.  Stratum. 

JsAvn     . 

19 

IS       0 

Do.    .       .       . 

Ma;    1873. 

B.  W.  ColTln. 

Bajputana. 

MlTWAB 

10 

11      9       A.Tween   . 

Bombay. 

Oct.    1873.    Pol.Ar..M«ywar. 

Paitoh  Mbkau  1 ) 

1  \  Jubhan       • 

Ql«JtA>AT    .         .  (  1 

6 

0       0 

Punjab. 

Hababa    • 

( 

C  Kakal  Qashl 
luabiboUa    .       . 

f 

) 
IS 

18      11 
10       0 

F.  B.  Mallet .       . 
1 

Sept.  isn. 

f  Finaneial   Comr., 
\     Poiuab. 

SlBMVB  f 

S8 
U 

IS       0 
10       0 

1  A.  Tween    .       . 

Dee.  1865  . 

J.  Henflrey. 

Simla 

8«batha         .       . 

10 

IS      IS 

Do.         .       . 

1809 

J.  Schnier. 

• 

ParbattlriTW. 
Do.        .      .      . 

sa 

89 

17  8 

18  16 

1 

1869 

F.  SchOkr. 

Do.       .       .       . 
Dow        .       .       . 

IS 
IT 

14       0 
19       8 

I-           •       • 

Mar.  1870. 

F.Calrert. 

K«l«     .       .  1 

Dow        .       .       . 
Do.       .       .       . 
RaiUrac  . 

81 
88 
OS 

10     14 
19       6 
•      18 

Id..     .     . 

) 

Do.    .       .       . 

May  1870. 
Oct.  1873  . 

Dow 
A.  G.  TooBC. 

Komaa  Ko4  Kowtl 

ss 

6       8 

Do.    .       .       . 

Not.  1873 . 

J.Catrert. 

F     .       .       . 

48 

1       4 

Do.    .       .       . 

May  1874 . 

Do. 

f     .       .       . 

MO 

IS      16 

Do.    .       .       . 

Jan«  1374 . 

Dow 

P     .       .       . 

18 

1      14 

Dow    .       .       . 

Do. 

A.  a  Ha««. 

r(How  8  lod») 

10 

8       8 

Dow    .       .       . 

Do.          . ;  J.  CalTcit. 

Ubal        .       . 

Shi««i     .       .       . 

80 

0       0    T.  W.  H.  HBichea  . 

Sep*.    1874         Do. 

*  la  aoMe  omm  the  naatta  am  itafted 
iatfw  tktM  t  aAacd. 


to  be  per  OS  of  ote:  tkeee  are  <ttet1mniah>d  \a  tha  tdbW  by  • 
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Table  qf  At»ayt  thovnng  the  amount  of  silver  per  ton  oj  lead »   obtained  from 

ya/ena.— (contd.) 


Dbtriot. 


Nunc  of  Mine. 


Ox.  Dwtf .  Gn. 


Atulyvt. 


±. 


Dste. 


BamplM  fh>m  whom 
recelTed, 
or  BtferenM. 


HMori 


North- West  ProYinoes. 

...    le      e     le    A.Tweeii       .       .Feb7.l878~f  Col.  Need. 


RepftI        .       .7 


NepaL 

...    14     14      0    A.  Tween       .       .    Juy.  ISM..  Col.  UI  Nogh. 


Burma. 


Tovoav   . 

Do.    . 

Amhibr  . 
Do. 
Do.       . 

Tatot 
Do. 

Tbvakibui 

p 

Muain 


Bako 
Do. 


Between  Phagatuid 
the  YoDgaien     f 

Do. 

Do. 

Do. 
Teetuneelay  Hill    . 
Te«t«l«T  HUl 
Meeiine  HUl 


KinglsUnd  . 
Do. 

Do.   .       . 
F 


Kyet  Too,  three 
daya'  march  to 
north  of  Momein 


20       8 

6  14 
9  0 
Tnwe. 
6  8 
8  S 
Trace. 
14  14 
19  6 
1«  7 
Trace. 
.4  14 
31       0 


II     17 
13 
11 
11 

la 


7 
16 
8 
1  8 
8  16 
0  0 
S       0 


68     14       8 


104     10 


Ponsee  surer  Mines, 
Khakhyen  HiUa  .  I  73      13       0 


A.  Tween 


D.  Waldie  . 


Do. 


Do. 


A.Tveeii 


May  1871. 


1864 


Mar.  1873  . 

Dee.  187S  . 
1804 

Sept  1863. 

July  1878  . 
Oct.  1876  . 

Mar.  1873. 

Mar.  1871. 
Jane  1863 . 

Mar.  1870 . 


Ci^  Cooke. 


Lettar  from  E. 
O'RUey.Ewi..  to 
Chief  Conuila* 
atoner. 


M.Fi7ar. 

Dou 
Capt.  Ck)oke. 

{Aaet.  Seoy.,  OotL 
ofloda 

f  Col.  Dnncan.  Secy. 
\     to  Chief  Gvmr. 


M.Fryar. 


f  Measn.  GUlanden^ 
I    ArbothootJtCo. 

Dr.WUUama. 


Dr.  J.  Anderwrn. 


*    In  some  caaee  the  reaolta  are  itated  to  be  per  Ion  of  ore;  tbeae  are  diaUngoiahed  in  the   table  by  • 
dagger  thoa  f  affixed. 
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Distilot. 


Nune  of  Mine. 


Os.  Dwte.  Qt%. 


Analyit. 


Date. 


Samples  from  whom 

received, 

or  Beferenoe. 


Bengal. 


BOVTAL   PSBOe. 

Bairaki         .       . 

is» 

6       0 

Do. 

Do.    (Paeiw)     . 

86 

0       0 

'' 

8 

«      17t 

SlBOBKim 

\ 

1 

a    sot 

( 

1    0 

10      14t 

Jotmsonft  HatlMy 
H.  Piddington       . 

Means.  Pliilipa  & 
Dariington. 


Oct.  186». 


Jonr.,  Afl.  See.,  Ben. 
gal,Voi.XXI,p.7* 


Burma. 

TooDialin  BiTer    .  I  81       •     II  r  D.  Waldie      .       .  1 1870  .  |  Proedfr*-.  Aa.  8oo.» 

Bengal.  1870, 
279  (O'Biieyite). 


Percentages  of  Silver  alloyed  with  Indian  Gold. 


Diatriot. 


LooaUty. 


Gold. 


Silver. 


Analytt] 


Date. 


Beferenoe. 


Madras. 


' 

Alpba  reef    . 

Dcvala  reef    . 

Do.       .       . 

Wynaad 

Monarch        « 

Do.       .       . 

Devala  aorfkoe 

Devala  reef    . 

Averages 

KoUr  in 
Bore. 

My- 

87W 

32*93 

93* 

7- 

84-7  - 

15-3 

«2*60 

1132 

87*96 

12*04 

90-9 

8*67 

86-86 

10*96 
1403 

8474 

91*66 

18-3 

V 


Tween 
Do. 

Do. 


Do. 


Dee.  1674 . 
Sept.  1870 . 

Jan.  1876. 


Sept.  1875 . 


W.  King. 

J.  W.  Minchln. 

W.  King. 


W.  King. 


Jashpnr 


Bengal. 

94*64        6 15    A.  Tween.         ...    Deo.    1874.    Col.  Dalton. 


'  In  some  caaos  the  resalte  arc  stated  to  t>e  per  ton  of  ore ;  tlicso  arc  dlstinguifihcd  in  tlic  Uble  bj  a 
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CHAPTER.  V. 

COPPEE. 

COPPBB— General  romiirk«.  Ifmfra^.— TrichinopoH— KadApfth— Karnnl— BcjlUry— NeUow 
—Hyderabad.  Bengal — Bhagalpar  Kvision — ChntU  Nagpar — Maobbum — Siagb* 
bbnm — UBzaribagb — Lobardagn.  Central  ProriiwM— Raipur — Jabalpur — Naraingbpur 
— Cbanda — Bewab  and  Buodt'lkbaud.  RajputaiM — Alwar — Bbartpor — Jiuptjr— -Ajrair 
— Udepar — Buudi — Bikanir.  Bomhay-  Dbarwar.  Extra  Pmimntlar — Balocbistan 
"Afgbantatan — Pnnjab — Eaabioir — North- West  Proviiicai-> Nepal— Darjilh]g—Bbu> 
tan — We«t<»m  Daars — Asaanj  — Burma. 

Copper :  Greneral  Remarks. — Tbe  copper  ores  of  peninsular  India 
occur  both  in  the  older  crystalline  or  metamorphio  rocks,  and  also  in 
eeveral  of  the  groupie  of  transition  rocks^  as,  for  example,  in  the  Kadapah, 
Bijawar,  and  Arvali  groups.  In  extra-peninsular  India  they  ore  found  for 
the  most  part  in  highly  metamorphosed  nx;ks,  the  precise  age  relations  of 
which  to  those  of  the  peninsula  are  not  in  all  cases  quite  clearly  made  out 
as  yet. 

The  ore  of  most  common  occurrence  is  the  copper  sulpliide  or  pyritesj 
but  towards  the  outcrops  it  is  commonly  altere<J  int<^>  carbonates  or  oxides. 
The  associated  minerals  are  in  general  identical  with  those  which  are 
found  under  similar  circumstances  all  the  world  over.  Recent  analyses  by 
Mr.  Mallet  have  tended  to  clear  up  much  of  the  uncertainty  which 
attached  to  two  minerals  which  were  found  in  Indian  copper  mines, 
and  were  supposed,  by  those  who  first  examined  and  described  them,  to 
be  worthy  of  specific  distinction :  these  were  called  respectively  mysorim 
and  syepoorite. 

As  a  rule,  to  which  there  are  probably  not  very  many  exceptions,  the 
copper  ores  of  India  do  not  occur  in  true  lodes,  but  are  either  sparsely 
dissemminated  or  are  locally  concentrated  in  more  or  less  extensive  bunches 
and  nests  in  the  rocks  which  enclose  them;  occasionally  cracks  and 
fissures  traversing  these  rocks  have  by  infiltration  become  filled  with  ore 
which  thus  resemble  true  lodes. 

In  not  a  few  of  the  cases  about  to  be  enumerated,  it  is  believed 
that  the  ores  exist  only  as  the  merest  traces,  but  it  is  thought  better  to 
state  here  what  is  actually  known  regarding  them  rather  than  to  pass  them 
without  notice.  As  will  be  seen  from  the  following  detailed  descriptions, 
there  are,  both  in   the-  peninsular  and  extra- peninsular  regions^  mines 
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of  great  extont  whose  histories  are  lost  in  antiquity.  At  the  present 
day  the  extraction  and  smelting  of  copper  ores  is  only  carried  on  in 
the  most  petty  manner.  In  the  majority  of  cases  the  miners  are  unable 
to  cope  with  the  water  which  floods  their  mines,  and,  in  spite  of  the 
fact  that  their  earnings  are  small,  the  copper  which  they  tnrn  out 
cannot  be  sold  at  a  price  which  would  enable  it  to  compete  at  the 
regular  markets  on  equal  terms  with  metxd  imported  from  Euroj>e. 

Madras. — Traces  of  copper  ores,  in  greater  or  less  abundance,  have 
been  met  with  in  the  following  districts  of  the  Madras  Presidency : 
Trichinopoli,  Bellary,  Kadapah,  Kamul,  and  Nellore, 

As  will  be  seen  from  the  following  accounts,  the  ore  appears  to  have 
been  mined  and  worked  at  several  of  these  localities  to  a  considerable 
extent  by  the  ancienU,  but  the  attempts  which  have  been  made  to  establish 
profitable  mining  by  Europeans  have  not  hitherto  proved  successful. 

Trichinopoli  District. — The  gneiss  iu  the  neighbourhood  of  01a- 
paudy  and  Vapoor,  in  the  north  of  Trichinopoli,  is  frequently  stained 
with  the  copper  carbonates,  and  south  of  the  latter  Mr.  H.  Blanfoixl* 
found  several  pieces  of  cupriferous  veinstone,  but  did  not  succeed  io 
discovering  any  t»  situ.  The  specimens  were  considerably  waterworn  ; 
they  consisted  of  quartz  with  nests  of  malachite,  red  oxide,  fahlei*z, 
and  native  copper.  There  does  not  appear  to  be  any  record  of  ancient 
copper  mines  having  been  found  in  this  district. 

Kadapah  District, — Traces  of  copper  ores  occur  in  the  old  lead 
mines  at  Juugumrazpilly,  which  are  described  in  Chapter  VI.  According 
to  Captain  NewboW  and  Mr.  Foote,*  faint  indications  of  native  copper 
impressions,  supposed  to  be  of  crystals  of  copper  pyrites  and  stains  of 
the  carbonates,  appear  to  be  the  principal  signs  of  its  presence  with  the 
galena. 

Kamul  District, — In  this  district  copper  ores  occur  in  the  Gooman- 
conda  valley,  in  the  hills  east  of  Somadupilly  and  at  Agriconda. 

GooMANCONDA,  Lafc.  15"  32';  Long.  78°  U' SO'.— Traces  of  copper 
ores  occur  .imong  the  quartz  veins  and  trap  which  traverse  the  Kadapah 
rocks  of  the  Calwa  hills.  At  the  western  end  of  the  largest  of  these, 
Bud  immediately  south  of  a  hanging  wall  of  quartzite  to  the  west 
of  Goomanconda,  there  is  an  old  co))per  mine,  upwards  of  20  feet  deep, 
which  is  hewn  in  solid  rock,  at  various  points  along  which  there  are 
trial  pits.  In  the  former  the  veinstone  has  been  wholly  worki;*! 
out.    Mr.  Footc,  who  visited  the  locality,  failed  to  elicit  an}-  information 

»  Mem.,  O.  S,  I.,  Vol.  IV.  p.  216 ;  TricMoopoli  Manual,  p.  C9. 
•  Joar..  Roy.  A».  Soc.,  Vol.  VII.,  p.  160. 
«  lleof.,  0. 8. 1..  Vol.  VIIl,  p.  269. 


onomic  Geology.] 


NELLORB  DISTRICT. 


241 


from  the  villag^ers  as  to  the  identity  of  tbe  former  miners.  Only  small 
traces  of  malachite,  azurite^  and  purple  copper  were  found. 

SoMADUPiLLY. — In  the  hills  east  of  this  villa^,  which  is  stated  to  he 
to  the  west-south- west  of  the  last-named  locality,  Mr.  Foot«>  found  traces 
of  copper  ores  in  a  quartz  vein,  which  runs  from  east-north-east  to  west- 
south-west.  They  consisted  of  specks  of  copper  pyrites  and  tiny 
cavities  with  films  and  acicular  drystals  of  malachite. 

AoRicoNDA  OE  Agniqundala,  Lat.  16°  11' ;  Long.  79''  47'  30*.— Dr. 
Heyne  appears  to  have  been  the  first  to  bring  before  the  notice  of 
the  public  the  fact  of  the  existence  of  copper  ores  and  ancient  mines 
at  this  locality,  as  he  states  that,  in  the  year  17&7,  he  laid  a  report  of  his 
discovery  before  the  Government.^ 

Mr.  Foote  states  that  there  were  formerly  extensive  mining  operations 
at  this  locality,  and  there  are  still  many  large  pits  to  be  seen.  Traces  of 
malachite  and  azurite  form  films  on  the  surface  of  the  joint  planes  on  a 
hard,  fine-grained  whitish  quartzite.  The  village  of  Guntapalem,  which 
was  the  centre  of  operations,  is  now  an  abandoned  ruin. 

Bellary  District— Captain  Newbold^  states  that  there  are  ancient 
copper  mines  which  were  said  to  have  been  made  under  the  direction  of 
Hyder  AH,  on  the  lower  ridge  of  the  copper  mountain  range,  6  or  6  miles 
west  of  Bellary  cantonment.  They  were  abandoned  as  unprofitable.  The 
or©  was  the  green  carbonate  which  occurred  in  thin  layers  filling  up 
seams  in  a  elate  associated  with  homblendic  and  micaceous  schists  and 
gneiss.    These  excavations  are  not  of  great  extent. 

Nellore  District.— The  localities  in  this  district  where  there  are 
traces  of  copper  ores,  and  where  there  have  been  mines,  are  numerous ; 
but  it  is  not  easy  to  trace  all  of  these  on  modem  maps.  The  fiirst 
writer  upon  the  subject  appears  to  have  been  Dr.  Heyne,*  who  in  tho 
year  1800  visited  the  Venkatagiri  and  Kalastri  zemindaris,  which  he 
says  were  situated  between  Nellore  and  Guntur,  and  with  this  statement 
commences  a  scries  of  indications  of  position,  which  it  is  diflicult  to 
reconcile  owing  to  these  names  being  rei)eated  in  different  taluks.  On 
a  modem  map  of  the  Nellore  district  one  portion  of  Venkatagiri  is  at 
the  extreme  south,  and  Kalastri  is  still  further  south  in  the  district  of 
South  Arcot ;  but  the  actual  localities  which  Heyne  mentions  are  all 
apparently  situated  in  or  near  outlying  portions  of  these  zemindaris, 
either  in  the  northern  part  of  Nellore  or  in  the  districts  adjoining  it. 

'  Mem,  O.  a  I..  Vol.  Vni,  p.  268. 

'  Joor.,  A«.  8oc,  Bengal,  Vol  IV,  p.  676 ;  TrocU,  p.  lOa 

'  Jonr..  Roy.  At,  Soc.,  Vol,  VII,  p.  IBOj  Bellary  Manual,  p.  96. 

«  TracU,  p.  108  j  Jour.,  A«.  Soc.,  Bengal,  Vol.  IV.  p.  674. 
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In  a  pajier  by  Mr.  James  Pnnsep'  reference  is  made  to  the  formation, 
in  1831,  of  the  Indian  Copper  Mining  Company  in  Madras,  the  object  of 
which  was  to  work  these  ores.  A  long  quotation  from  a  pamphlet  by 
Dr.  Heyne  is  made ;  this  pamphlet  was  published  in  Madras  about  the 
beginning  of  the  century.  A  description  and  analysis  of  ores  received 
by  the  Asiatic  Society  is  then  given.  The  existence  of  huge  ancient 
excavations  and  hiUs  of  copper  slag  proves  the  extent  of  the  early 
workings,  and  the  small  proportion  of  copper  found  in  tlie  slag  affords 
testimony  to  the  skill  of  the  early  metallurgists.  Captain  Newbold* 
gives  a  detailed  list  of  mines  and  accounts  of  the  peculiarities  of  each 
under  the  following  heads :  Kunchgarlaconda,  Salighiri,  Nila,  Gunni, 
Bungheralmetta,  Cumbaldinny,  Yerrapilly,  and  Adimutipuram.  The 
ores  are  said  to  occur  both  in  the  mass  of,  and  in  fissures  traversing, 
homblendic  and  garnetiferous  schists,  with  which  intrusive  sheets  of  trap 
are  associated.  As  the  principal  mines  were  situated  at  or  near  the  fol- 
lowing villages,  it  will  perhaps  be  sufficient  to  mention  them. 

Gaeimanipenta  or  Gunnipenta,  Lat.  14"  59*  30';  Long.  79"  37'.-— 
This  village,  and  another  called  Yarapalii  or  Yerrapilly,  4  miles  to 
the  east  of  it,  are  in  the  centre  of  a  district  where  there  are  mines  of 
considerable  antiquity.  According  to  Captain  Newbold,'  the  natives  of 
the  locality  attribute  the  working  of  the  earliest  mines  to  the  kings  of 
Bijanagar.  Afterwards,  when  the  Hindu  empire  fell  in  the  year  1664, 
it  is  believed  that  the  Mogul  conquerors  and  the  agents  of  Tipu  and 
Hyder  successively  carried  on  mining.  The  excavations  are  described 
as  being  of  great  magnitude  and  the  extensive  mounds  of  copper  slag 
and  scorira  testify  to  the  fact  that  the  mines  were  not  worked  in  vain. 

A  late  explorer  in  this  district  states  that  the  principal  ancient 
native  mines  were  not  near  this  locality,  but  30  miles  further  north,  near 
Gorganpully,  where  tliere  were  mines  100  feet  deep  and  several  bun* 
dred  feet  long.  Mines  in  the  Venkatagiri  taluk  are  said  to  have  been 
worked  by  the  Nawab  of  the  Camatic  before  the  year  17S0,  but 
were  given  up  on  the  assumption  of  the  country  by  the  British.  The 
firet  attempt  by  Europeans  to  work  the  ores  of  these  localitiee  were 
made  in  the  year  1803,*  and  from  time  to  time  others  have  been  made. 
Thus,  in  or  about  the  years  1881  to  1885,  Mr.  Kerr  and  others  failed  to 
work  the  mines  with  profit,  and  in  1840  the  Brothers  Ouchtcrlony 
ex(Hmded  a  gowl  deal  of  time  and  money  in  an  endeavour  to  establish 

•  Jour..  A*.  Soc..  BcnpJ.  Vol.  IV.  p.  674, 

•  Jonr.,  Boy.  As.  Soc.,  Vol  VU,  p.  ISa 

•  Op.  f.<..  Vol.  VU,  p.  58. 

•  Ndlorc  Dulrict  ManonU  ]•.  60. 
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a  profitable  eystem  of  mining  with  the  aid  of  an  experienced  Cornish 
miner,  bat  they  appear  to  have  also  failed.  In  1867,  the  renewal  of 
an  old  lease  to  work  copper  mines  in  the  Kadapah  and  Nellore  district* 
was  sought  for  by  Mr.  J*  Campbell  from  the  Medraa  Government,  bnt 
wa«  refused  on  its  original  lines.  Quite  recently  there  has  been  a  pro^ 
ject  for  working  these  ores  again,  and  some  excavations  along  tl»e  ont- 
crop«  are  stated  to  have  produced  a  large  quantity  of  ore. 

The  information  as  to  the  nature  and  extent  of  the  deposits  is  far 
firom  complete,  although  mnch  has  been  written  on  the  subject.  The 
eridenoe  is  cenclusive  that  in  certain  places  very  rich  ore  was  obtained, 
containing  as  much  as  75  per  cent,  of  metallic  copper;  in  others  ti 
appear*  to  have  been  much  mixed  up  with  iron  and  quartz,  &c. 

Mr.  Lavelle,  who  recently  extracted  ore  there,  with  a  view  to  testing 
the  extent  of  the  lodes  and  for  the  purpose  of  obtaining  samples  to  bd 
forwarded  to  England  for  assay,  obtained  a  considerable  variety  of  ores. 
Specimens  of  these  were  forwarded  to  Mr,  King, '  who  states  that  they 
included  the  following  :— 

A^^CAr^tocoila  (in  garnctiferous  schists  of  which  the  garnets,  though 
amall,  might  from  their  colour  and  transparency  be  called  pre* 
clous  garnets). 

J9^-<?opper  glance  (chalcocite),  chryeooolla  and  malachite ; 

C — ChrysocoUa,  malachite  and  ferruginous  red  oxide  (mysorin  ?) ; 

i>— Copper  pyrites,  chrysocolla  and  malachite  in  limonite ; 

3 — Copper  glance  with  chrysocolla  and  malachite, 

A  very  full  account  of  these  Nellore  ores  was  published  two  years 
ago^  by  Mr.  Mallet  with  6i)ecial  reference  to  the  occurrence  among  them 
of  mysorin  and  atacamite.  He  quotes  the  original  description  and 
analysis  of  mysorin  by  Dr.  Thomson,  which  was  made  in  1814,  and  the 
subseqnent  references  to  it  in  mineral ogical  works,  and  also  the  analyses 
of  these  ores  which  were  made  by  Mr.  Prinsep.  The  conclusion  he 
comes  to  from  an  analysis  made  by  himself  is  that  mysorin  is  simply  an 
impure  malachite,  which  owes  its  dark  colour  to  admixture  with  ferric 
oxide  and  chalcocite.  For  further  information  regarding  these  mines 
reference  should  be  made  to  the  authorities  quoted. 

With  regard  to  accessibility,  we  are  told  that  Garimanipenta  is  within 
9  miles  of  a  public  road,  which  leiids  to  the  canal  at  Kaveley,  and  the  ors 
from  Gorganpully  could  be  taken  to  Ramaputnam,  20  miles  distant.  A 
cart  carries  forty  maunds  for  1 0  miles  per  rupee,  and  boats  can  be  had  to 
convey  the  ore  at  Rs.  2-8  per  ton  to  Madras. 

'  Mem.,  O.  8. 1.,  Vol.  XVI.  p.  88. 
'  BwoKb,  a.  8.  I,,  Vol.  Xli,  p.  171. 
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Mr.  King^,  in  reriewing  the  information  which  he  has  collected  on 
the  subject,  is  of  opinion  that  to  want  of  knowledge  and  other  causes 
the  early  attempts  to  work  these  mines  may  be  attributable,  and  not 
necessarily  t*7  a  deficiency  either  in  quantity  or  quality  of  the  ore. 

Hyderabad. — Br.  Walker*  states  that  just  below  Yolgurnip,  a  vil- 
lage HI  the  Ramghir  Circar,  there  is  an  island  which  produces  copper  ore, 
A  tradition  exists  that  the  ore  was  worked  by  Frenchmen  in  the  service 
of  a  great  talukdar  named  ZafFur-ood-dowlah.  Dr.  Voysey  considered 
the  ore  to  be  poor  and  unproductive.  The  locality  does  not  appear  on 
modern  maps.  Mr*  Vanstavern  has  communicated  to  the  Geological 
Survey  the  discovery  of  native  copper  somewhere  in  this  region,  but  he 
had  not  visited  the  actual  spot  himself. 

Neelooondah,  Lat.  17°  3' ;  Long.  79°  18'. — ^Traces  of  the  copper  car- 
bonates occur  in  the  granites  at  Neelgoondab,  according  to  Dr.  Walker. 

Bengal:  Bhagulpur  Division,  Birbhum  District  ••  Boon  Bandh, 
Lat.  24^  0'  20" ;  Long.  86°  55'.— On  Captain  Sherwill's  geological  map  of 
Bengal;  as  also  on  his  ordinary  survey  maps,  a  locality  is  marked  in  the 
bed  of  the  Adjai  river,  about  three-fourths  of  a  mile  north-east  of  the  vil- 
lage of  Bodh  Bandh,  where  copper  pyrites  was  found.  A  note  on  the  map 
states  that  the  mine  was  not  worked  in  1850.  A  specimen  of  ore  from 
this  locality  is  enumerated  in  the  MS.  register  of  the  old  Economic 
Mueeum. 

Deoghur  District:  Bairuki,  Lat.  24*  85'  30";  Long.  86"  40'  15*.— 
The  discovery  of  copper  at  this  locality  was  made  by  a  native  in  the  year 
1849,  who  brought  specimens  to  Mr.  Vincent,  Deputy  Magistrate  of 
Deoghur.  In  January  1850  the  spot  was  visited  by  Captain  Sherwill,* 
who  obtained  samples  on  and  at  a  short  distance  below,  the  surface, 
which  ofEorded  sufficient  material  for  an  extensive  and  practical  assay  of 
the  ore  by  Mr.  Piddington.*  A  letter  published  by  Mr.  Barratt*  in  1850 
describes  the  mining  operations  which  were  then  going  on.  These 
8COonnt6  and  some  unpublished  notes  in  the  possession  of  the  Geological 
Survey  are  the  only  sources  of  information  regarding  this  deposit  which 
aie  available  at  present. 

The  deserted  excavations  and  rubbish  heaps  are  situated  close  to  the 
river,  and  within  view  of,  .being  indeed  only  about  300  yanis  distant 
from,  the  chord  line  of  the  East  Indian  Railway,  at  a  point  about  5  miles 

1  MmlniB  Joar.  of  Lit  *od  8ci.,  Vol.  XVI.  p.  188. 

«  Joor.,  Am.  Soc..  Ben(!sl.  VoL  XX.  p.  1 ;  Friend  of  India,  Fobnmrj  28tlr.  1860. 
>  Idsm,  p.  3 ;  MTid  Vnl.  XXI.  p.  7  k 

*  Addt«ued  to  Mean.  Mackc;  luid  Co.,  Calcutta,  dated  Birbhum  Iran  Workf,  December 
1866,  p.  7. 
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north  of  the  Baijnath  station.  Captain  Sherwill  states  that  on  remov- 
ing the  surface  soil  and  digging  to  a  depth  of  a  couple  of  feet,  he  hit 
upon  a  rich  though  narrow  vein  of  copper  ore,  yielding  30  per  cent,  of 
pure  metal.  He  traced  the  ore  for  about  100  feet  and  found  galena  asso- 
ciated with  the  copper.  Mr.  Fiddington's  classiEed  list  of  the  specimens 
obtained  at  this  locality  i«  as  follows.  It  shows  that  a  considerable 
variety  of  valuable  oFes  occur  there. 

ht  Group.  i  Drif^ht  P«ioook. 

Variegated  or  Peacock  |  Dull  Peacock. 


copper  of  mioers 


I  Marbled    Peacock 
^raeuish  goasao. 


with  a  pale 


A. 

B. 

G.  oontuna  Bilver,  with 
a  palo  greeaiab 
goawn. 

D.  containa  lUver. 

E. 

F.  oootoina  ailrer. 


Q.  contains  ailver. 


2nd  Oroup.  (  Dull  maaaive  grey  copper. 

Grey  coppers        .        .1  Bright  grey  copper. 

(Bright  red  Paoot, 
Doll  pale   red  to  liver-coloured  i 
Pacos.  J 

Paeca  and  Q}larad<u\  Dark  hard  veiiui  reaembling  tile  ^ 
of  Pera  aad  Mexico    1     ore    with    soft   ahining  black  (     H.  oootains  ailver. 
\     specka  and  Teinfl. 
r  Bluiah  greeo,  earthy  oarbonatea  of  \ 
»i     copper  with  bright  red  apecks.    j 
/  Bright  ]arge>grained  galenaa. 


3rd  Group, 
Bedorea      . 


4tk  Group, 
Green  ore    . 


L  containa  ailver. 
J. 


5ih  Group. 
Onknu 


(Cupro-plumbite,  an  ore  of  copper 
veini. 


,  \      and  lead  in  diagonally  lamellar  (     K. 


A*  ia  eethaated  to  oontain  90  to  40  per  cent,  of  copper.    It  ahowa^  no  trace  of 
■Uirer. 

B.  ia  simply  an  earthy  inferior  variety  of  the  above. 

C.  Thifl  ia  a  variety  marbled  with  red  and  green  earthy  mixtorea.  It  paaaee  into 
goeaan. 

D.  This  is  called  a  lead  fahlera ;  it  containa  10  per  cent,  of  lead  and  327  of  copper ; 
it  containa  no  trace  of  antimony,  but  0*17  per  cent,  of  rilver  ia  present 

E.  Atao  a  fahlerx  with  lead,  but  no  ailver. 

P.  reaemblea  apecimena  of  Peruvian  pacos  silver,  0*21,  and  copper  21*8  per  cent. 
6.  also  containa  ailver. 

H.  The  silver  eetimated  to  be  one-third  lesa  than  in  F. 
J.  Qalenaa,  no  silver. 

K.  Oapro-plombite  in  thin  veina  formiog  alternate  streaks  of  a  bright  and  dull 
dark-blue  grey  galena-liko  mineral. 

By  the  Mexican  amalgamation  process  Mr.  Piddington  extracted 
silver  from  several  of  these  ores.  He  was  at  first  doubtful  whether, 
owing  to  the  high  temperature  and  moisture  of  Calcutta,  the  process 
woald  be  successful. 

The  report  of  the  discovery  of  these  ores  created  a  good  deal  of 
excitement  after  the  fact   waa  aonoimccd ;  but  at  first  the  vision  of  a 
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new  Peru  iu  Deogliur  caused  a  goo<l  deal  of  mystery  to  be  employed. 
It  does  not  appear  that  a  regular  company  was  ever  formed^  and  the 
excavationB  along  the  outcrop,  conducted  by  Messrs.  Mackey  and  Co., 
not  proving  the  existence  of  an  extensive  deposit,  the  matter  was  allowed 
to  drop,  though  Mr.  Barratt,  a  Mining  Engineer,  reported  in  glowing 
terms  that  the  deposit  was  a  champion  lode,  9  feet  thick,  and  the  assays 
by  Mr,  Piddington  and  Messrs.  Johnson  and  Mathey  sufficiently  attested 
to  the  value  of  the  ores.  That  by  the  latter  was  as  follows  :— 
Sample  of  copper  and  iron  sulphide- 
Copper       38-44 

Iron 17  60 

Lead -90 

Silver '16 

Lime I'O 

Silica  and  alumiim       ....  10"60 

Carbooio  acid 7'26 

Sulphur .        .     1750 

Water  (combined) 345 

Oxygen 3*30 

Total  .        .  lOO- 


At  present,  owing  to  the  old  excavation  which  extends  for  a  distance 
of  about  60  yards  along  the  strike,  it  is  not  easy  to  see  whether  there  is 
a  true  lode  or  not.  The  deposit  certainly  is  iu  part  included  in  a  quartz 
ueinstone^  but  it  seems  to  permeate  the  schists  and  hornblendic  gneiss ; 
a  crystalline  pegmatite  too  is  also  impregnated  with  carbonate  of  copper 
in  films  and  strings.  By  a  little  excavation  samples  of  pyrites  are 
obtainable  too  from  this  rock,  and  also  some  red  oxide,  but  there  is 
nothing  now  to  be  seen  upon  which  a  definite  opinion  can  be  formed  as 
to  the  extent  of  the  deposit. 

Ohutia  Na.gpur. — In  this  province  copper  ores  occur  in  the  follow- 
ing districts:  in  Manbhum  at  Purda  and  Kulianpur;  in  Singhbhum  at 
nnmerous  localities  for  a  distance  of  76  miles;  in  Hazaribagh  at  Bara- 
gunda;  and  in  Falamow  at  Dultonganj.  In  all  these  localities  the 
matrices  of  the  ores  are  rocks  belonging  either  to  the  metamorphio  or 
sub-metamorphic  series. 

Manbhum  District :»  Purda,  Lat  W  69'  15*  j  Long.  86*  37'  45\— 
About  1  mile  north-east  of  the  village  of  Purda  or  Poordah,  which  lb 
in  the  pargana  of  Manbazaar,  and  30  miles  south  from  Purulia,  there  is 
an  ancient  copper  mine,  regarding  the  history  of  which  nothing  is  cer- 
tainly known. 

iBfoocds,  a.  &  I..  VoL  III  .  p.  76. 
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Tliat  the  exacavatton  waa  made  for  copper  can  only  be  gathered  from 
the  traces  of  the  carbonates  which  are  found  on  the  debris  scattered 
about.  Tlie  deposit  is  situated  along'  a  line  coincident  with  the  position 
of  the  faulted  junction  of  the  metamorphic  and  submetamorphic  rocks  ; 
and  it  seems  probable,  judging  from  the  analogy  to  the  dei>osita  iu 
Singbhbum,  that  the  ore  occurs  partly  disseminated  in  the  schist  and 
partly  segregated  in  lodes. 

Kalianpur,  Lat.  Zti""  2' ;  Long.  8C'  7'  45\— This  locality  is  situated 
about  32  miles  due  west  of  Porda,  and  the  deposit  appears  to  be  of  a 
somewhat  similar  nature.  There  is  an  ancient  exacavation  on  the  flank 
of  a  small  hill  near  Kalianpur,  from  whence  ore  was  probably  extracted, 
as  gome  stains  of  the  carbonates  are  to  be  seen,  and  a  small  quantity  of 
copper  slag  still  lies  at  the  foot  of  the  hill,  indicating  that  the  ore  was 
smelted  on  the  spot. 

The  occurrence  of  copper  ores  at  Rajgaonj  not  far  from  Dhadka, 
where  galena  is  found,  has  recently  been  reported,  but  the  statement 
requires  confirmation. 

Singhbhum  District.— The  district  of  Singhbhum  and  the  State  of 
Dhalbhum  include  within  their  limits  the  most  widely  extended  copper 
deposits  at  present  known  to  exist  in  Peninsular  India,  traoca  of  copper  oreoi 
often  principally  marked  by  old  excavations,  being  found  for  a  distance  of 
76  miles,  or  from  the  neighbourhood  of  Lopso,  on  the  frontiers  of  Lohar> 
daga,  to  Ramerara,  on  those  of  Midnapur.  This  deposit  appears  to  exist 
on  a  well-defined  horizon  of  the  sub-metamorphic  or  transition  rocks 
and  close  to  their  base;  and  it  seems  to  be  not  improbable  that  the  same 
horizon  is  represented  to  the  north  in  Manbhnm  by  the  similar  rocks 
which  include  the  just-described  copper  ores  close  to  and  on  the  line o£ 
faulted  junction  between  the  submetamorphic  and  metamorphic  rocks 
of  that  district. 

As  a  rule  the  copper  ores  occur  disseminated  through  the  schists  and 
the  underlie  of  the  deposit  in  general  corresjwnds  to  that  of  the  including 
rocks ;  but  in  some  places  the  ores  appear  to  be  distributed  in  lodes,  and 
the  only  safe  conclusion  to  be  drawn  is  that,  as  in  some  other  parts  of 
the  world,  there  is  a  two-fold  mode  of  occurrence,  the  lodes  being  of  second- 
ary origin  and  having  been  formed  by  segregation  of  the  ores  in  fissures  and 
fractures  which  were  caused  by  the' upheaval  of  the  beds.  If  this  bo  the  true 
view,  then  the  copper  ores  were  originally  deposited,  either  mechanically 
or  chemically,  at  the  same  time  as  the  other  materials,  and  they  were  all 
together  subjected  to  metamorphic  action.  Although  it  has  been  above 
said  that  the  ore  occurs  in  a  zone  in  the  submetamorphic  rocks,  there  is  one 
important  exception  which  must  not  be  overlooked.   On  the  same  general 
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line  of  stiHke  the  character  of  the  rocks  is  locally  interrupted  in  the 
neighbourhood  of  Kharsawan,  where^  in  a  small  area,  rocks  are  found, 
which  are  lithologically  uudistinguishable  from  those  of  the  older  crystal- 
line formation,  and  id  them  the  copper  ores  also  occur.  At  Rrstj  supposing 
these  rocks  to  really  belong  to  the  older  formation,  the  conclusion  might 
be  drawn  that  the  ores  must  necessarilj  occur  in  original  lodes,  ooming 
from  the  deep  throughout ;  but,  on  the  other  hand,  if  the  possibility  of 
a  secondary  formation  of  lodes  be  granted  as  above,  then  by  filtration 
and  transfusion  from  above,  these  ores  may  have  been  deposited  in  fis* 
cures  in  the  deeper  rocks  which  were  at  one  time  no  doubt  covered  over  by 
the  younger  copper-bearing  strata.  This  explanation  appears  a  more 
satisfactory  one  than  that  originally  suggested,  namely,  that  these  gneiss* 
oee  and  crystalline  rocks  of  Kharsawan  might  merely  owe  their  charac- 
ters to  excessive  local  metamorphism,  and  were  not  really  older  than  the 
less  crystalline  rocks  of  the  sub-metamorphic  series. 

Indications  exist  of  mining  and  smelting  having  been  carried  on  in 
this  region  from  a  very  early  period,  and  the  evidence  available  points  to 
the  Sexaks  or  lay  Jains  as  being  the  persons  who,  perhaps  2,000  years 
ago,  initiated  the  mining.^  The  number  and  extent  of  the  ancient 
workings  testify  to  the  assiduity  with  which  every  sign  of  the  presence 
of  ore  was  exploited  by  these  early  pioneers  and  those  who  followed 
them  up  to  recent  times.  The  first  published  notice  of  the  presence  of 
copper  ores  in  this  area  was  by  Mr.  Jones  in  1833.'  In  1854,  Captain 
(now  Colonel)  J.  C.  Haughton'  published  a  description  of  the  mines,  and  in 
the  same  year  they  were  visited  and  reported  on  by  Mr.  Ricketts.*  Under 
the  auspices  of  two  Calcutta  firms,  Dr.  Stoehr  came  out  to  India  soon 
after,  and  on  his  report  a  company  was  formed  in  1857.  Mining  com- 
menced at  Landu  and  Jamjura,and  from  1,200  to  1,300  cwts.  of  fine  ore 
was  turned  out  monthly.  A  heavy  royalty  of  Rs.  9,200  yearly  to  the 
Bajas  of  Seraikela  and  Dhalbhum,  an  expensive  establishment  of  Saxon 
miners  and  English  smelters,  the  erection  of  a  costly  foundry  and  engine^ 
and  other  premature  and  excessive  expenditure  led  to  the  dissolution  of 
the  company  in  1859.  In  1862  an  effort  was  made  to  start  another 
company  with  a  capital  of  £120,000;  but  by  1864  its  operations  had 
ceased.  According  to  the  prospectus  of  this  second  company  the  royalty 
was  fixed  at  half  the  previous  amount, 

■  Procdgs.,  Ab.  Soc.,  Bengal,  Jane  1869,  p.  170* 

*  Ai.  Rfis,,  VoU  XVm,  p.  170. 

*  Jour.,  As.  Soc,  Bengal*  Vol.  XXIII,  p.  108,  with  oup;  in  sabatancc  reproduced  m 
a  report  by  Mr.  Donchmid,  pnbUahed  in  1857. 

*  Selectioiu  from  Becordi,  Beogal  Qovemment,  VoL  XVI,  p.  77. 
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Namerous  assays  of  tlie  ores  have  been  made,  and  tliese,  with  other 
details,  will  be  found  in  the  papers  below  quoted ; '  but  the  really  impor- 
tant question  was  not  definitely  settled  by  the  operations  of  either  of  the 
companies.  It  was  as  to  the  abundance  of  the  ores.  Good  ore  was  mot 
with  at  many  points,  yielding  a  high  percentage  of  copper ;  but  in  most 
cases  the  unusual  richness  proved  to  be  local  and  confined  to  pockets, 
and  unremunerative,  copper-permeated  schist,  or  absolutely  barren  rock 
was  found  further  to  the  deep. 

At  Landu,  according  to  Dr.  Stoehr,  where  the  beet  ore  was  found,  the 
cubic  fathom  of  96  to  150  cwts.  of  raw  ore  gave  an  average  of  6  per 
cent,  of  copper,  and  the  cost  of  the  same,  including  haulage,  amounted 
to  Rs.  22  to  Rs,  23  per  100  cwtn.  of  raw  ore ;  the  average  of  100  cwts. 
when  hand-picked  gave  the  following  results :— - 

3  cwta.  of  rich  picked  ore .  .  .  20  to  36  per  cent,  copper. 

60  „         aferaga  ore      .  .  .      8  to    9        „            „ 

13  tf        dust  ore    .       .  .  .  0  to    6        „            „ 

24  M        rabble  and  poor  oro  .  .      |  to  1|        „           u 

100 


All  the  poor  ore  was  regarded  as  rubble  for  crushing.    In  the  best  of  it 
there  occurred  but  8  to  10  per  cent.,  very  seldom  20  per  cent. 

The  mine  at  Landu  was  carried  to  a  depth  of  212  feet,  but  at  190 
feet  the  ore  had  died  out ;  whether  there  only  happened  to  be  an  interval 
of  poor  ground  there,  and  richer  ore  occurred  further  to  the  deep,  it  was 
impossible  to  say. 

Copper  pyrites  was  first  struck  by  the  second  company  at  Eajdoha 
just  before  operations  ceased.  All  the  ore  previously  obtained  had  con- 
sisted of  the  carbonates  and  oxides  and  some  glance  copper  with  traces 
of  other  rarer  ores.  In  Dr.  Stcehr's  time  bat  little  pyrites  hod  been  met 
with. 

Traces  of  silver  were  found  in  some  of  the  samples  which  were 
assayed,  but  not  in  all.  The  results  are  quoted  in  Chapter  IV.  A  very 
small  percentage  of  the  precious  metals  sometimes  enables  inferior  copper 
ores  as  at  Eisleben,  in  Prussian  Saxony,  to  be  worked  with  profit,  though 
the  actual  manufacture  of  the  copper  may  itself  be  carried  on  at  a  loss. 

Should  the  proposed  line  of  railway  to  the  Central  Provinces  tra- 
▼erae  Singhbhum,  this  copper  deposit  may  yet  prove  of  value,  the 
accessibility  to  Calcutta  being  by  this  means  so  greatly  increased.  The 
following  table  contains  an  abstract  of  the  information  available  from 
an  examination  of  the  localities  by  the  writer  in  the  year  1869  ; — 

»  Eecoid*,  G.  8.  L,  Vol  III,  pp.  86  and  &4 
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Hazaribagrh  Dtetrict  i  Baraounba,  Lat.  24^  4'  3* ;  Long.  86^  7'.— 
This  locality  is  stated  to  be  so  called  from  the  fact  of  its  being  tbe  site 
of  4S  {hara^gundd)  ancient  copper  mines.  It  has  been  described  by  Dr. 
McClelland »  and  Mr.  D.  Smith.*  Mr.  Piddington'  Las  also  published  an 
account  of  his  analyses  of  the  ores.  From  these  sources  of  information  and 
the  observations  made  by  the  writer  daring  a  britf  visit,  the  following 
account  has  been  drawn  up. 

The  excavations  which  mark  the  position  of  these  ancient  mines  are 
situated  along  a  line  of  outcrop  of  metamorphic  rocks^  which  form  a 
ridge,  about  three-fourths  of  a  mile  long,  between  the  villages  of  Parsa- 
bera  and  Baragunda.  At  the  eastern  end  the  ridge  commences  with 
a  small  hill,  which  rises  to  about  60  or  70  feet  above  the  cultivation  of 
the  village  of  Parsabera,  and  thence  westwards  it  slopes  down  to 
the  level  of  a  small  stream  which  is  about  70  or  80  feet  below  the 
base  of  the  hill.  The  rocks  forming  the  ridge  are  a  somewhat  granu- 
lar quartzite  passing  into  gneiss,  alternating  with  micaceous  talcose, 
hornblendic  and  actinolite  schists,  the  micaceous  and  talcose  varie- 
ties being  not  unfrequently  garnetiferous.  The  principal  gangue  stone 
appears  to  be  a  semi-pellucid  quartz,  but  the  ore  also  occurs  disseminated 
in  the  schists.  The  general  strike  of  these  rocks,  as  also  of  the  line  of 
excavations,  is  from  east  to  west,  varying  locally  to  from  10°  south  of 
east  to  10°  north  of  west.    The  dip  or  underlie  is  nearly  vertical. 

At  the  present  time,  without  making  special  excavations,  traces  of  the 
ore  are  to  bo  seen  in  situ ;  these  consist  of  stains  and  encrustations  on 
the  faces  of  the  rocks  exposed  by  the  old  excavations,  and  in  the  refuse 
heaps  fragments  of  quartz,  which  include  samples  of  ore,  are  to  be  met 
with.  A  veiy  fine  series,  illustrative  of  the  ores  obtained  partly  from 
recent,  partly  from  former  excavations,  is  now  in  the  Museum  of  the 
Geological  Survey.  Both  the  oxides  and  sulphide  of  copper  occur  in  these 
specimens,  and  associated  with  them  are  galena  and  zinc  blende.  In 
some  of  these  the  matrix  is  the  schist.  Mr.  Piddtngton's  aany  was 
as  follows  :— 

Silica 0*60 

Salphur 31'42 

Iron  (Poroi.,  48*65)  metallic 33W« 

Copper,  nietallio        ...  ,,.      34*10 

1000 


•  Report  of  the  Gcolojfical  Survey  of  India,  Catpttttii,  1R60.  p.  23. 

'  RcpoK  of  the  SigTOwlee  And  KarhHr>>ari  Cottl-fleldi :  Calcutta,  1867. 

'  Jcmr.,  As.  8oc..  Bengal,  Vol.  XXII,  1863,  p.  Sll. 


Bconomic  Geology.] 


HXZARIBAOH  DISTRICT, 


265 


Wc  are  not  in  possession  of  any  information  as  to  who  the  ancienta 
were  who  made  the  numerons  excavations  at  Baragunda,  of  which  amplo 
evidence  is  still  to  be  seen.  These  workings  extend  all  along  the  outcrop, 
and  from  their  overlapping  in  places  it  would  appear  that  the  deposit 
was  not  limited  to  one  line  of  strike.  Though  in  some  cases  the  samples 
show  'that  the  ore  occurred  as  a  constituent  of  the  schist,  others  seem  to 
justify  the  concloEion  that  there  are  one  or  more  distinct  lodes  parallel  to 
the  bedding. 

Along  the  main  line  the  width  of  the  excavations  average  from  25 
to  30  yards.  The  miners  appear  to  have  thrown  the  debris  behind  them 
as  they  progressed,  the  depth  to  which  they  could  go  being  limited ; 
thus  there  are  a  succession  of  basin-like  pits  separated  from  one  another 
by  mounds  of  debris,  and  bounded  by  the  fat.'es  of  rock  which  form  the 
foot  and  roof  of  the  deposit.  Dr.  McClelland  describes  and  figures  a  sys- 
tem of  mining  in  steps  on  the  face  of  the  hill ;  but  this  feature  has 
now  disappeared,  if  it  ever  existed  on  the  scale  which  he  mentions.  Cer- 
tainly the  term '  mountain,'  which  he  applies  to  the  small  hill,  is  not  appli- 
cable. No  doubt  by  weathering  and  the  growth  of  jungle,  the  form  of  th« 
ground  has  been  much  modified  during  the  thirty  years  which  have  elapsed 
since  he  wrote.  Dr.  McClelland  mentions  the  occurrence  of  hirgo  mounds 
of  copper  slag  which  he  says  cover  several  acres  of  ground  at  the  village 
of  Giridi^  (Gereedee),  abont  2  miles  distant,  where,  in  the  vicinity  of 
fuel  and  water,  smelting  was  carried  on. 

From  these  remains  and  the  extent  of  the  excavations,  it  seems  to  be 
legitimate  to  conclude  that  tliis  deposit  was  worked  for  many  years,  and 
that  it  was  only  relinquished  when  the  readily  accessible  part  of  the  back 
of  the  lode  had  been  exhausted,  and  when  the  native  miners  found  them- 
selves unable  to  cope  with  the  difficulties  arising  from  having  to  go  to 
greater  depths. 

In  or  about  the  year  1854,  a  Mr.  Mackenzie  is  said  to  have  sunk  a 
shaft  to  a  depth  of  17  feet,  but  afterwards  al>andoned  it.  His  reason 
for  having  done  so  is  not  known,  as  no  actual  record  of  his  opera- 
tions appears  to  have  been  preserved.  Within  the  past  few  years  there 
has  been  snother  attempt,  on  a  small  scale,  to  test  the  value  of  the  deposit; 
but  the  heavy  royalty  claimed  by  the  zemindar,  the  Raja  of  Palganj, 
has  hitherto  been  unfavourable  to  all  attempts  to  re-open  these  mines. 

The  situation  of  the  deposit  is  favourable  to  mining  operations,  as  an 
adit  level  or  gallery  might  easily  be  driven  from  the  stream  eastwards 


I  Thii  ifl  not  to  be  mUtakon  for  the  Qiridi  Station  on  the  E.  1.  KHilway,  which  is  about 
14  Btilw  diclant  £rom  Ban^uuda. 
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with  the  line  of  strike,  and  well  below  the  bottom  oE  the  lowest  native 
workings.  This  would  serve  not  only  to  test  the  deposit  throughout,  but 
it  would  jdso  facilitate  subsequent  drainage. 

The  vicinity  of  such  a  supply  of  fuel  as  that  afforded  by  the 
Karharbari  coal-field  and  the  means  of  carriage  afforded  by  the  railway 
confer  upon  this  deposit  obvious  advantages  over  many  others  in  India. 

Lohardaga  District :  Daltonganj.— During  the  sinking  of  a  well 
in  the  station  of  Daltonganj,  some  traces  of  copper  ores  were  discovered 
disseminated  in  beds  of  schistose  gneiss  by  Mr.  L.  Forbes. 

The  section  was  examined  by  Mr.  Hughes,^  who  thought  it  did  not 
give  promise  of  a  workable  deposit.  The  ore  was  in  four  horizons, 
aggregating  a  total  thickness  of  4  feet  10  inches  in  26  feet  of  section. 
The  dip  was  4",  and  there  was  no  sign  of  a  true  lode. 

Kasunuan. — In  a  letter  from  Mr.  T.  Marriott  to  the  Collector  of 
Burdwan,  dated  April  6,  1809,*  the  occurrence  of  copper  ore  is  thus 
alluded  to,  coal  having  been  said  to  exist  near  a  place  called  Thoorah,  on 
the  southern  side  of  the  Sone  river,  throe  cos9  above  the  Koel  river,  and 
also  in  the  bed  of  the  Bucooah,  only  a  mile  from  '  Kussyaun,'  a  well- 
known  place,  "  near  which  Mr.  Prinsep,  many  years  ago,  found  copper 
and  commenced  an  extensive  manufacture  of  vitriol,"  Information 
recently  received  from  Mr,  C.  E.  Davies  of  Rotasgarh  has  served  to 
clear  op  the  origin  of  this  tradition  as  to  a  source  of  copper.  There 
was  a  manufactory  of  ka^is  or  copperas  at  Tilkap,  6  miles  from  Rotas- 
garh, on  the  road  to  Dehri.  The  manager  lived  at  Kaaianuan,  and  the 
copperas  used  to  be  stored  there.  The  material  used  in  this  manufacture 
will  be  described  in  Chapter  VIII.  It  may  be  added  that  the  neighbour- 
hood of  the  Sone  has  been  noted  for  imaginary  discoveries  of  coal.* 

Central  Provinces. — Copper  ores  are  known  to  exist  in  the  following 
districts  and  localities  in  the  Central  Provinces :  In  Raipur  at  Chicboli ; 
in  Jabalpnr  at  Sleemanabad;  in  Narsinghpur  at  the  Birman  Gh&t;  and 
in  Chanda  near  Thana  Wasa. 

Reiipur  District :  Chicholi,  Lat.  21"  5' ;  Long.  80*  41'.— Traces  of 
the  copjier  carbonatos  have  been  observed  at  the  locahty  described  below, 
where  galena  occurs ;  and  in  a  similar  and  parallel  vein  of  quartz  at 
Wararband,  14  miles  to  the  east,  stains  of  the  carbonates  were  also  seen.* 
In  the  former  case  the  reef  traverses  metamorphic  rocks,  but  in  the  latter 
it  is  on  the  line  of  contact  between  these  and  Lower  Yiudhyans. 

>  Setftiement  Report  and  Ifem..  O.  S.  I^  VoL  XV,  p.  ISS. 

*  Jonr.,  As.  8oc..  BeogA),  VoL  XI,  p.  830> 
«  Mem^  O.  8.  L.  Vol.  XV,  p.  7. 

*  B<.<oonU.  O.  &  I.,  Vol.  X,  p.  185. 
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Jabalpur  District:  Slbemanabad,  Lut.  23' 38';  Lon^,  80**  19'. — 
Some  traces  of  copper  ores  (malachite  and  oxido)  were  dlscoverwl  on 
a  bed  of  Bijawar  quartzite  in  the  neighbourhood  of  .Sleemanahad  by  Mr, 
W.  G.  Olpherts,  and  in  the  same  association  a  small  quantity  of  galena 
vas  also  found.  Accordino;'  to  Mr.  Hughes,'  who  subsequently  visited 
the  locality,  there  was  no  indication  of  a  true  lode,  and  the  ores  of  the 
metal  appear  to  have  been  only  sparsely  disseminated  in  the  rock. 

Narsingpur  District  :  Biuuan  Ghat,  Lat,  23  2';  Long,  T-A^'S'.— 
Copper  ores  were  first  discovered  to  exist  on  a  small  island  in  the  bed  of 
the  Narbada  river,  in  the  year  1873,  by  Mr.  C.  Mayuard,  manager  of  the 
Narbada  Coal  and  Iron  Company,  who  shortly  afterwards  commenced 
mining  with  the  result,  as  reported,  that  a  quantity  of  the  ore  which 
was  sent  to  England  paid  its  expenses. 

This  deposit  docs  not,  apparently,  form  a  true  lode,  the  ore  being 
disseminated  through  an  argillaceous  schist,  which  is  associated  with 
quartzites  of  the  Bijawar  series.  Shortly  after  the  mine  was  opened' 
the  band  of  rock  permeated  by  ore  was  found  to  be  alwut  6  feet  thick. 
The  result  of  subsequent  operations  is  not  on  recoi-d,  but  the  mine  was 
ultimately  abandoned. 

The  blue  and  green  carbonates,  azurite  and  malachite  were  notable, 
as  compared  with  those  from  most  other  Indian  localities,  for  their  very 
bright  colours.  Grey  and  rod  oxides  were  also  met  with.  The  following 
|x?rcentage8  of  copper  were  obtained  fi-om  seven  o£  the  early  samples  of 
tlie  carbonates : — 


A. 

B.        C. 

D. 

B. 

F. 

ti. 

CopikJT 

.     32-75 

231     47-8 

Sl-2 

tt-S 

264 

12^ 

Iron 

£urtb>  luttUvr,  &c 

2'60 

ytt] «- 

78-8 

68-8 

74-6 

B7-4 

lou-     100-    luu-    iw    my    loO"    loo* 

the  average  yield  being,  therefore,  28  per  cent. 

Ohanda  District ;  Tuana  Was  a,  Lat  19'  61';  Long.  79'  47'  50.'— 
Ou  the  atlas  map  of  India  a  spot  near  the  above-named  Iw-ality  is 
marked  as  having  been  the  site  of  an  ancient  copper  mine,  but  no  fur- 
ther information  on  the  subject  is  at  present  available  save  that  in  the 
Central  Provinces'  Gazetteer '  it  is  stated  that  tradition  points  out  loca- 
lities in  the  north  of  the  district  where  cop]K!r  is  aaid  ti>  have  boon  once 

mined. 

•> 
'  KoconU,  0.  S.  1.,  v^.^nu^  To. 
-  Op,  fit..  Vol.  VU,  ]V  63. 
'  *  Clumdji,  *  p.  135. 
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Rewah  and  Bundelkhand. — So  far  as  is  knowD,  the  copper  depo- 
fdts  of  these  provinceB  ai'e  not  of  great  extent,  but  our  infonnation 
regaitling  them  ia  not  very  complete. 

Eewah  State:  BuRDi,Lat.  24*33';  Long.  82*"  26'  30*.— This  loca- 
lity, which  ia  close  to  the  junction  of  the  Gopat  and  Sone  rivers,  is 
indicated  on  Captain  Sher^vill'a  geological  map  of  Bengal  as  being  one 
where  copper  has  been  found.  Since  the  locality  is  on  lower  Vindhyan 
rocks,  and  since  it  appears  from  the  old  mineral  register  that  a  specimen 
received  from  Captain  Shcrwill  from  that  locality  in  1852  consisted  of 
metallic  copper,  it  may  perhaps  be  doubted  whether  there  ever  was  a  bond 
fide  discovery  there  of  ore  in  ntu.  Though  galena  has  been  found  in 
rocks  of  this  age  there  is  no  recorded  case  of  the  discovery  of  copper. 

Tacwa,— Lat.  24°  16'  30' ;  Long.  82'.— Somewhere  between  the  vil- 
lages of  Tagwa  and  Baramdeo  Captain  Sherwill  also  represents  copper 
ore  as  having  been  found.  The  rocks  in  the  vicinity  are  slates  in  tlio 
lower  jjortion  of  the  Bijawar  scries.  The  occurrence  of  copper  ores  in 
these  rocks  is  not  without  a  parallel,  since  those  at  Binnan  gh&t,  on  the 
Narbada,  arc  in  beds  of  the  same  age,  and  in  many  parts  of  the  country 
the  local  groups  of  transition  rocks  are  copper-bearing. 

Bundelkhand  :  Shahgarh  District :  Saurai.— Near  the  village  of 
Saiirai,  in  the  Shahgarh  district,  a  deposit  of  copper,  which  it  is  said  was 
formerly  worked  to  a  considerable  extent,  has  long  been  knovni  to  exist. 

Mr.  Medlicott  states'  that  he  was  shown  by  Major  Ellis  at  Nagode, 
samples  of  grey  copper  said  to  have  been  extracted  from  a  trench  near 
the  village,  but  no  truces  of  the  ore  were  then  to  be  seen  on  the  spot. 
Subsequently,  the  locality  was  visited  by  Mr.  Mallet,*  who  states  that 
a  pit  which  had  been  sunk  by  the  Assistant  Commissioner,  in  order  \o 
test  the  report,  was  situated  in  a  fissure  "  formed  on  a  joint  in  the  Btjiv- 
war  limestone  heading  north-east  to  south-west,  the  walls  of  which  were 
12  to  15  inches  apart.  This  fissure  had  been  filled  up  with  clay  and  |>eb- 
bles  of  various  kinds,  Bijawar  limestone,  hornstone,  Bijawar  ferrugiortus 
rocks,  Vindhyan  sandstones,  but  none  of  the  crystalline  rocks." 

At  6  feet  from  the  surface  rolled  lumps  of  copper  ore,  mixe<l  witli 
pebbles  of  the  other  rocks,  were  found,  but  neither  here  nor  in  the  neigh- 
bourhood was  any  lode  or  ore  in  situ  discovered.  Mr.  Mallet  expresses 
his  belief  that  the  lo<le,  if  it  existfi,  is  situated  in  the  Bijawar  rather  than 
i  n  the  cryKtallinc  rocks.  It  is  pretty  clear  that  the  natives  had  con- 
cealed the  deposit  for  some  reason. 

»  Mem  ,  r..  s.  1.,  Vol.  I,  p.  85. 
•  Kworili,  G.  8.  1. ,  Vol.  I.  p.  Id. 


^. 


Economic  Geology.] 


STATE. 


250 


"Whether  Mr.  Mallet's  sug-gostion  as  to  a  system  of  pits  being  mado 
in  onler  to  trace  out  the  dcix)3it  has  been  acted  upon  by  the  local  autho- 
rities does  not  ap|>ear.  It  is  said*  that  12.  seers  of  copper  were  manu- 
factured from  a  maund  of  the  ore  which  was  found. 

Rajputana. — Copper  ores  are  found  in  several  of  the  independent 
State^j  of  lUiJputaua,  aud  also  in  the  British  district  of  Ajmir.  Mining 
has  been  practised  on  a  largo  scale,  but  at  present  the  trade  of  the 
miner  is  becoming  extinct,  and  the  o|)emtions,  which  are  only  carried 
on  in  a  few  of  the  locahties,  are  of  a  very  petty  nature. 

The  names  of  the  States  in  which  there  are  mines  are  as  follows : 
Alwar,  Bhartpur,  Jaipur,  XJdupur,  Bundi,  and  Bikanir. 

Alwar  State. — According  to  Mr.  Hacket*  there  are  ancient  copper 
mines  at  the  following  localities  in  this  State :  Darilx),  Indawas,  Bhangarh^ 
Kushalgarh,  Baghani,  Partabgarh,  Tassing,  aud  Jasingpura.  Tlie  most 
important  of  these  is  the  first. 

Daeibo,  Lat.  27°  9'  3(1";  Long.  76"  26'  2rr.— The  mine  is  situatcKl 
(m  a  sharp  anticlinal  bend  in  a  thin  band  of  black  slates  interca- 
lated in  the  Alwar  quartzites.  There  appears  to  be  no  true  lodo  ;  the 
ore,  which  is  pyrites  mixed  with  arsenical  iron,  occurs  irregularly  disse- 
minated through  the  l>Iack  slates,  a  few  specks  and  stains  only  being 
seen  in  the  quartzites ;  occasionally  rich  nests  of  ore  were  met  with. 
The  operations  of  the  natives  were  much  facilitated  by  an  adit  level 
made  under  the  direction  of  Dr.  Impey,  and  which  served  to  drain  the  pits. 
Mr.  Hacket  says,  however,  that  this  mine  is  now  nearly  abandoned.  From 
an  interesting  account  by  Major  Cadell,'^  the  following  facts  regarding 
the  manufacture  have  been  extracted.  The  ore,  as  usual  in  the  native 
process,  is  pounded,  made  up  into  balls  with  cowdung,  roasted,  and  then 
smelted  in  a  closed  furnace  and  refined  in  an  open  charcoal  lire.  Thirty 
pounds  of  ore  require  four  times  that  quantity  of  charcoal,  and  yield 
5^  pounds  of  metal,  or  16*6  per  cent.  During  the  last  12  years  tho 
average  annual  outturn  has  been  only  3  tons  8  cwts.,  and  it  is  diminishing 
owing  to  the  influx  of  Eurojwan  copjier.  The  State  claims  one-third  as 
royalty  ;  33  families,  including  SS  persons,  derive  their  principal  means  of 
subsistence  from  this  industry.  Small  (quantities  of  the  sulphates  of 
copper  and  iron  are  manufactured  from  the  waters  of  these  mines. 

JoDAWAS  OR  Indawas,  Lat.  27°  21'  30'';  Long.  ?«"  23'  SO*'.— Mr. 
Hacket  saw  here  a  long  ojK'n  cutting,  20  to  80  feet  deep,  from  which 
copper  ores  had  been  extracted ;  it  was  then  full  of  water. 

*  OaaottMT  of  tbo  North-West  Provinccf,  p.  325. 
3  UecortLi.  (J.  S.  I.,  Vol.  X,  p.  01. 

*  Uazctlccr  i>f  Ulwur.  p.  &i. 
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Bhawoamu,  hoi.  %r  if  3(r ;  LoDg.  70^  22'. 

KuiHAMiAmif,  Lat  27*  2^  30* ;  Long.  76*»  SCK. 

pARTABfJAUi,  Lat.  ir  \5f ;  Long.  76^  13'  30*.— The  workingB  at 
ihem  localities  have  long  heen  deserted ;  according  to  the  natiyes  those 
at  the  laft  were  Terf  extensive  $  thej  sadden! j  fell  in,  bniying  a  large 
nufn1>er  of  the  miners.  Traces  of  ore  were  seen  at  Tasing,  in  the  Mandan 
hillM,  and  at  Ja«ingpura  near  the  railway. 

Bhaitpur  State:  Nithahar,  Lat.  26°  68';  Long.  77**  5'.— There 
is  an  abandoned  mine  at  this  locality,  which  is  close  to  the  Jaipor  frontier. 
Copfier  works  formerly  existed  at  Basawar'  in  this  State.  The  metal 
|irrxliiced  was  better  than  that  at  Singhana,  bnt  the  ore  was  too  popr  to 
bo  worked  with  proBt. 

Jaipur  State.— In  this  State  copper  ores  are  reported  to  exist  at  the 
following  localities :  Singhana,  Khetri,  Nabaro,  Udhalha  south-east  of 
Oarlii  Lalsoti  Bagor,  and  Babai ;  of  these  the  most  important  are  the 
first  two  and  the  last.  '     ^ 

SiMGiiANA,  Lat.  28°  6' ;  Long.  75°  58'.—- The  copper  mines  at 
Singhana  are  situated  in  rocks  belonging  to  the  Arvali  series.  The 
curliest  account  of  these  mines,  which  is  believed  to  have  been  by  Cap- 
tain Boiloau,  was  published  in  the  year  1831.*  The  principal  produc- 
tions wore  copper,  blue  vitriol  or  copper  sulphate,  alum,  and  an  ore  of 
cobolt  called  seAia  or  aaita,  which  wUl  be  described  in  Chapter  YII. 

Tlio  mines  are  described  as  being  tortuous  and  of  great  extent ;  at 
the  working  fuoes  it  was  the  custom  to  light  fires  which  caused  the  rock 
to  split  up.  Lamps  were  used  which  the  miners  carried  on  their  heads 
iiiid  with  a  gad  and  hammer  extracted  the  ore.  The  principal  ore  found 
iippours  to  have  boon  pyrites.  It  was  sold  retail  by  auction  to  the  pro- 
)>i'iutors  of  different  furnaces. 

The  jH)unding  or  crunhing  was  effected  on  a  stone  anvil  with  a  ham- 
mer weighing  eight  or  ton  seers ;  when  completely  reduced  to  powder  the 
01*0  wos  made  up  into  balls  with  cowdung  and  roasted.  The  blast  fur- 
Duoes,  vi(h  Pluto  IX,  were  ])repareil  in  tlie  following  manner.  A  quan- 
tity of  iHunmon  mud  was  spread  on  the  iloor  of  a  circular  hut,  in  the 
(H'Utrt)  of  which  a  depression,  12  to  15  inches  in  diameter  and  2  or  3 
iuoht^s  det^p,  was  niuilc ;  in  this  a  layer  of  fine  sand  and  another  of  ashes 
were  hud  to  prevent  the  metal  fi*i>m  adhering  to  the  bottom  of  the 
reoeivor ;  two  clay  nozzles  or  twyers  were  then  placed  on  opposite  sides 
of  this  hollow  and  a  third  between  them,  leaving  the  fourth  side  vacant 
for  the  sliig  to  cscaj>e.    The  nozzles  were  then  connected  by  moist  clay, 

'  ^^W^un^s  i«  ScK-ucc,  Vol.  HI,  r-  380. 
»  hieiK  p  38*. 
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and  a  circular  rim  of  mnd^  a  few  inches  in  height,  was  raised,  on  which 
three  annular  vussels  of  fire-clay  were  placed  to  form  the  body  of  the 
furnace;  each  of  these  was  15  inches  in  external  diameter,  10  inches 
high,  and  3  inches  thick.  They  were  used  repeatedly,  but  the  lower  part 
of  the  furnace  hud  to  be  reconstructed  for  every  charge.  The  bellows 
were  simply  goat-skins  connected  with  the  nozzles,  and  were  worked  by 
the  families  of  the  smelters.  After  a  preliminary  firing,  todiy  the  mud, 
the  funiace  was  charged  with  charcoal,  roasted  ore,  and  iron  slag,  the 
latter  being  employed  as  a  flux. 

In  a  day  of  nine  or  ten  hours'  duration,  3  maunda  of  chai"coal,  2  J  of 
the  roasted  ore,  and  2  of  the  iron  slag  were  consumed.  The  slag  was 
drawn  off  and  the  smelted  copper  which  hatl  jwjcumulated  at  the  bottom 
of  the  furnace  was  removed  on  the  foUowiiig  day.  It  was  then  re-melted 
and  retined  in  an  open  furnace  under  a  strong  blast  from  bellows,  and  cast 
into  small  bars  or  ingots,  which  were  subsequently  removed  to  the  Mint 
and  cut  up  and  fashioneil  into  coins. 

The  ore  was  said  to  yield  only  from  to  £i  to  7^  per  cent,  of  metal, 
but  the  profits  must  have  been  not  inconsiderable  as  the  Khetri  Raja 
is  said  to  have  claimed  one-sixth  of  the  value  of  the  copper  in  addition 
to  Ks.  14,000  received  for  the  lease.  The  (jnality  of  the  metal  is  said  to 
have  been  inferior  to  that  of  Basawar.  this  being  attributed  to  the  uso 
of  the  ii'ou  sing  as  a  flux. 

The  present  condition  of  those  mines  is  tlms  described  by  Mr.  Hacket,* 
The  principal  mine  is  entered  by  a  wide  gallery  driven  into  a  ridge  of 
quartzite  with  tlie  strike,  and  at  a  point  several  hundred  feet  aljove  thu 
level  of  the  plain.  This  gallery  is  in  places  50  or  Go  feet  wide  and  of 
considerable  height.  For  the  first  hundred  yards  the  descent  i^^  slight, 
afterwards  it  l)ooomcs  steep,  and  three  seiwrate  galleries  strike  off  into 
the  hill.  In  tliese  galleries  there  is  hardly  a  trace  of  ore  left  and  tha 
ends  of  the  mine  are  concealed  by  fallen  debris  and  water.  The  mine 
has  been  abandoned  in  consequence  of  the  poverty  of  the  ore.  Towards 
the  entrance,  strings  and  small  veins  of  ore  are  seen  in  the  quartzite. 
Mr.  Hacket  considers  that  valuable  pockets  of  ore  might  be  found  in  the 
unworkod  ground  between  this  mine  and  Khetri,  as  they  are  on  Lhe 
8.ame  line,  as  is  also  the  mine  at  Babai. 

G)nsiderable  quantities  of  blue  vitriol  (eopjxjr  sulphate)  alum,  and 
copperas  (iron  sulphate)  are  manufactured  from  the  decomposed  slata 
and  refuse  of  the  mines.  The  slates  are  steeped  in  water,  which  is  after- 
wards evaporated  in  large  ii'on  vessels,  when  the  blue  vitriol  is  crystallized 
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oat,  afterwards  ibe  alum,  and  lastly  the  copperas.  Mr.  Mallet  found 
ttsoes  of  nickel  and  cobalt  in  all  three  of  these  substances. 

Khktui,  Lat.  2^';  Long:.  75"  50'. — A  very  full  account  of  the  Khetri 
mines  and  mauufacturing  processes,  illustrated  by  numerous  plates,  was 
published  by  Colonel  J.  C  Brooke  in  the  year  1S64'.  Many  of  the 
details  which  are  given  are  naturally  almost  identical  with  those  which 
liave  been  just  enumerated  in  reference  to  Sin^hana,  which  is  only  8 
miles  distant  to  the  north-west.  Indeed,  SIn«^luina  is  partly  included 
in  Ibis  descnption,  as  it  belongs  also  to  the  llaja  of  Khetri. 

The  miners  are  said  to  be  the  poorest  of  the  population ;  those  who 
work  the  ores  are  Mahomedans,  and  the  manufacturers  «£  alum  and  the 
copper  and  iron  sulphates  are  Hindus. 

The  Kulhari  mine  is,  like  others  described  elsewhere,  a  tortuous 
warreUj  enlarging  here  and  there,  where  pockets  of  ore  were  discovered. 
The  only  means  of  overcoming  the  influx  of  water  known  to  the  miners 
is  by  passing  gharas  of  water  from  hand  to  hand  through  the  passages  ; 
in  one  case  no  less  than  %1  men  were  thus  employed  for  upwards  of  a 
month,  at  a  cost  of  Ks.  200. 

The  mines  are  in  most  eases  owned  by  the  miners  themselves,  whoso 
ancestors  discovered  them,  but  some  have  passed  into  Uie  hands  of  the 
money-lenders.  The  permission  to  work  the  different  branches  of  the 
mine  is  put  up  to  auction  annually,  after  the  rains,  and  bought  by  gangs 
of  eight. 

The  ores  are  sold  in  the  town  of  Khetri  by  auction  to  Mahoniedan 
Bhoras,  who  conduct  all  the  subsequent  operations,  which  are  nearly 
itlentical  with  those  described  above  in  the  case  of  Singhana.  The  refuse 
from  iron  furnaces,  called  reet^  is  still  used  as  a  flux.  An  expenditure 
of  about  Rs.  7-11  on  smelting  five  maunds  of  ore  yields  303  iakas 
of  copper,  from  which  one-fourth  must  be  subtracted  for  the  royalty,  and 
the  remaining  22S  takas,  worth  Rs.  9,  will  be  left.  The  profit  is, 
therefore,  about  He.  1-5,  or  allowing  for  extras  Re.  1. 

The  manufacture  o£  alum  and  copper  sulphate  is,  as  at  Singhana, 
carried  on  actively  here  also,  and  the  process  of  steeping  the  shalo 
in  earthen  gharatf  arranged  on  ledges  on  conea  formed  of  old  refuse, 
is  fully  described  by  Colonel  Brooke  (see  Chap.  IX) . 

Mr.  Hacket's'  still  more  recent  account  of  the  Khetri  mine  is  that  it 
is  situatxjd  on  a  ridge  of  slates,  about  500  feet  above  the  plain.  It 
is  entered  by  several  shafts  of  considerable  depth,  which  give  aocoaa 
to  a  gallery  said  by  the  miners  to  be  upwards  of  2  miles!  in  length. 
The  direction  of  this  gallery  appeared  to  bo  parallel  to  the  strike  of 
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the  slates.  The  ore  now  brought  up  from  the  old  workings  is  pyritesj 
which  occurs  disseminated  through  the  slates. 

The  almost  complete  abandonment  of  these  mines  is  attributed  to  Uic* 
partial  failure  of  ore  and  consequent  increased  expenditure^  while  the 
Jaipur  Darbar  has  refused  to  reduce  the  royalties. 

Babai,  Lat.  27'  55' ;  Long.  75°  49'.— These  mines  are  situated  about 
8  miles  south  of  Khetri,  and  on  the  same  hand  of  slates  in  which  a 
small  proportion  of  ore  occure  disseminated,  but  the  princijwtl  object 
of  the  pits  is  to  search  for  sat/a  or  cobalttte. 

The  other  mines  in  the  Jaipur  State,  which  have  been  above  enumerated, 
need  not  be  further  described  j  indeed,  full  details  regarding  them  are 
not  available. 

Ajmir.— In  Ajmir  the  occurrence  of  copper  ores  has  been  noticed  by 
■everal  writers.  They  have  been  found  at  Gugra,  4  miles  north- north- 
east of  Ajmir  ;  at  Rajauri,  10  miles  south-west  of  Ajmir  ;  and  Hajgarh, 
12  miles  south-south-west  of  Ajmir;  and  in  Ajmir  it^ielf. 

Gdgra,  Lat.  26°  29';  Long.  74^  4^3'.— The  deposit  here  was  describe^l 
by  Captain  Dixon  in  1835,"  and  was  said  to  be  from  a  span  to  4  inches 
in  thickness ;  it  was  opened  up  by  a  mine.  A  sample  of  the  ore  was 
described  by  Mr.  Prinsep,  who  says  that  the  malachite  was  associated 
with  carlx>nate  of  lead,  a  micaceous  carbonate  of  iron,  and  a  rich  galena. 
Yellow  copper  pyrites  was  also  present  and  earthy  veins  of  a  pale  blue, 
very  similar  to  some  of  the  streaks  in  the  turquoise  rocks  of  Nishapur,  in 
Persia.  He  suggests  the  possibility  therefore  of  turquoise  being  found 
in  Ajmir, 

Rajauri  (?  Rajobt),  Lat.  26'  20';  Long.  W  44'.— Captain  Dixon  ako 
speaks  of  a  mine  having  been  oi)ened  at  tliis  Itxality.  The  ore  appears  to 
have  been  carbonate. 

Rajoarh,  Lat.  26^  18'  ;  Long.  74^  41'. — A  mine  was  opened  hero  at 
about  the  same  time.  The  ore  was,  according  to  Mr.  Prinsep,  accom- 
panied with  slender  prismatic  crystals  of  selenitc,  black  augite,  red 
oxide  and  carbonate  of  iron,  and  a  mineral  containing  copper  which 
seems  to  have  been  chrysocolla. 

Ajmib,  Lat.  26^28';  Long.  74'  41'  30'.— Mr.  Racket  states  that 
there  are  traces  of  copper  in  the  old  iron  workings  near  the  jail  at  Ajmir. 

Udepur  State:  Rewara. — At  Rewara,  near  Gungapur,  accoixling 
to  Mr,  Hacket,  a  number  of  small  pits  are  sunk  in  the  schists  in  a  north 
and  south  line  for  nearly  a  mile.  The  copper  sbg  found  on  the  spot 
feem»  to  indicate  that  no  very  large  quantity  was  fouAd. 
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Bundi  State  ;  Datunda,  Lat  25'  27' ;  Lon^.  75*"  So'  30*.— Two  mi!o» 
cast  of  Datunda  a  small  pit  was  sunk  in  quarlzites,  upon  which  traces  of 
copper  were  still  to  be  seen  when  examined  by  Mr,  Hacket,  but  there  did 
not  appear  to  have  been  much  ore  there. 

Bikanir  State:  Bidasae,  Lat.  28^  15';  Lonj^.  72'  55\— It  is  not 
known  whether  the  now  deserted  copper  mine  at  this  locality,  a  few 
miles  from  Sujangarh,  was  worked  with  profit ;  but  its  discovery  in  1753 
created  much  interest.' 

Bombay :  Dharwar  District. — Attention  was  drawn  by  Captain 
Newbold''  to  the  Kappatgode  range,  in  the  district  of  Dharwar,  a» 
containing  a  possible  source  of  copper  in  consequence  of  traces  of  copi>er 
wes  and  a  fragment  of  native  copper  having  been  met  with  in  the 
gold  washings  in  the  Doni  rivulet ;  but  it  does  not  appear  that  any 
ore  in  *if.u  has  ever  Ijeen  discovered  in  that  region,  excqit  some  stniy 
little  masses  of  copper  pyrites  in  a  />*^<fo-diorite  which  were  found 
by  Mr.  Foote.^ 

Balochistan  :  Las  Distutct. — In  the  district  of  Las,  l)ctwecn  the 
towns  of  Liyari  and  Bcla,  there  is  stated  to  be  a  hill  where  copj>er  oio 
is  obtainable  in  abundance.  In  the  year  1840  Captain  De  La  Ilosto* 
very  closely  interrogated  a  man  then  living  at  Karachi,  who  stated  that 
together  with  his  father  he  had  visited  the  hill,  which  was  12  cos9  south 
of  Bela,  and  bad  manufactured  a  small  quantity  of  copper  on  the  spot, 
the  ore  yielding  50  per  cent*  Subsequently  they  applied  to  the  Jam  for 
permission  to  work  the  mine,  and  he  seemed  at  first  willing  to  grant  it ; 
but  on  being  told  by  one  of  his  followers  that  if  he  did  he  would  lose 
his  country,  he  informed  the  Karacbi  men  that  they  must  leave  forth- 
with, and  that  if  they  were  ever  caught  near  the  copper  hill  again  be 
would  cause  them  to  be  burned  alive.  Mr.  Hughes,^  quoting  from 
Captain  Hart,  apparently  alludes  to  the  same  st<iry.  Mr.  Gnesbach 
refers  to  this  locality  as  Shah  Bellawl,  20  miles  south-east  of  Bela. 

Major  George  LeMessurier "  recorded  that  there  are  mines  of  in- 
ferior copper  ore  near  Turkabr,  but  that  the  exact  locality  was  kept  % 
secret  by  the  people  of  the  country. 

Afghanistan. — Several  writers,  but  more  particularly  Captains 
Button'  and  Drummond®  testify  to  the  abundance  of  ores  of  copper  in 

»  OttMtttecr  of  tlie  nikauir  State  hy  Cupt.  P.  W.  Powlett,  p.  97. 

•  Jour.  IUi>.  A*.  &H-V.,  V.jI.  VII,  p.  150i    Miwlraa  Jotir.  Lit.  and  Sci.,  VoL  XI,  p.  42. 
»  K«ci.Rl»,  (}.  S.  I..  Vol.  VII,  p.  liO. 

«  TrttTH.  Brunb.  Geol.  Sfioj.,  Vol.  VI,  p.  117 ;  Jour.Aa.  Soc  Bengal,  VoL  IX,  p.  30. 

•  •  UitlcHjhifiton,'  p.  22. 

•  lloiub.  A».  8oe>..  Vol,  II,  p.  100. 

7  Cal.  Jour,  Nut.  Hist,,  Vol,  VI,  p.  507. 
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Afghanistan.  Tbe  rcmnrk^  by  the  former  rofcM-  to  the  .soutlicrn  portion 
of  the  country,  and  those  ly  the  latter  t«  the  northern ;  in  Sc'vcml  c«u5oa 
the  ores  have  l)een  mined  to  a  considerahle  extent ;  but  the  copper  used 
in  Kandahar  in  Captain  Hutton's  time  was  supplied  partly  from  Boml>ay 
and  partly  from  Persia. 

KojAK  AwBAii  BANGS. — Specimens  of  copper  ore  in  a  white  quartz 
matrix  from  this  locality  were  considered  to  he  poor  by  Captain  Hutton. 

Shah  Maksud  bakok. — A  rich  ore  of  copper  exists  on  this  range;  it 
Is  said  to  have  been  first  worked  by  Natlir  Shah  and  subset^uently  by 
the  Sirdars  of  Kandahar.  The  statements  made  to  Captain  Ilutton 
represented  the  profits  as  amounting  to  1900  per  cent.,  which  he  con- 
sidered to  be  an  exaggeration.     Forced  labour  was  employed  in  mining. 

NisH, — A  rich  ore  of  copper  is  said  to  occur  in  Nish,  about  CO  miles 
to  the  north  of  Kandahar. 

Hazara  Mountains. — The  blue  and  green  carbonates  of  cf)pper  and 
the  red  oxide  are  obtamed  in  some  parts  of  these  mountains. 

Captain  Druraraond  describes  a  copper-yielding  regi<m  between 
Kabul  and  Kuram  ;  many  of  the  names  which  he  mentions  do  not  api>car 
on  the  maps ;  they  are  as  follows  :  Moosye,  in  the  pass  of  Shadkhunnee ; 
on  the  right  bank  of  the  Lagur  river,  west  of  the  village  of  Kuttii^ung  ; 
in  the  pass  of  Silawat,  to  the  east  of  Kuttasung  ;  Koh-i-chagye  ;  various 
points  in  the  Silawat  Pass;  Koh-i-Aeennk  ;  Seestungee;  Baghye;  Dun- 
dhanee,  in  the  direction  of  Jowhar,  to  the  south  of  Rotil-i-Dus?htuk  ; 
Aeoorookhail  mountains;  Dherband  in  Tungee  Khooshk;  KilaAtaye; 
Tczeen;  Khoondurra;  Bobundee;  Lah&zour  near  Shinkye;  Chinarkhail ; 
Jcrobaee.  At  all  of  these  localities,  which  are  spelt  here  as  they  are  in 
the  original,  copper  ores  were  found,  and  at  soxnn  of  them  there  are  ancient 
copper  mines  of  considerable  extent.  The  roeks  are  metamorphic  schists, 
principally  hornblendic;  it  seems  doubtfid  whether  the  ore  exists  in  true 
lodes  as  the  courses  are  parallel  to  and  dip  with  the  bedding.  Tezu>, 
lot  84'^  24"',  long.  69'^  80',  is  the  most  eastern  point  of  the  cupriferous 
tract,  and  Wurduk  the  most  western ;  Spcga  to  the  south  and  the  h\\U 
alK>ut  Kabul  to  the  north  indieate  the  known  limits  in  the  other  diree-. 
tions. 

The  most  promising  veins  are  said  to  be  those  of  Dherband  and 
Dobundce,  and  among  the  old  mines  that  at  Koh-i-Aeenuk  holds  out  the 
Uest  prospects. 

The  results  of  the  assays  of  the  purple,  vitreous  and  cuprite  ores 
yielded,  respectively,  6il,  80,  and  90  per  cent,  of  metal.  Captain  Drum- 
mond's  conclusions  as  to  the  mining  prospects  of  the  area  arc  as  follows. 
The  number  of  veins  which  have  been  discovei"cd  show  that  the  strata 
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are  highly  metalliferous;  the  quality  of  tlie  ore  is  excellent;  from  tb« 
extent  and  depth  of  the  excavations  it  is  concluded  that  the  ore,  if  it  did 
not  increase,  certainly  did  not  diminish^  as  otherwise  so  many  localities 
whero  ores  occur  at  the  surface  would  not  have  been  left  untouched. 
From  the  nature  of  the  gi'ouad,  drainag^e  could  be  effected  easily,  and  in 
some  cases  adits  might  be  driven  in  from  levels  below  the  old  workings. 
In  some  of  the  localities  the  supply  of  water  might  be  short,  but  in  others 
it  would  be  abundant.  It  is  stated  that  the  forests  which  stretch  from 
the  Sufedkoh  southw.irds  would  furnish  an  ample  supply  of  timber  for 
the  mines  and  wood  for  charcoal. 

Colonel  Drummond  adds  further  information  regarding  the  means 
of  transport,  habits  of  the  people  (one  of  the  most  cultivated  of  which 
appears  to  be  thieving),  rates  for  labour,  &c. 

A  sample  of  ore,  which  was  forwarded  last  year  (1880)  by  Dr. 
Aicheson*  from  tlie  Shutargardan,  contained  26  \^t  cent,  of  metallic 
copper,  but  was  much  mixed  with  silicious  matter. 

It  is  somewhat  curious  that  Dr.  Lord,''  who  in  1838  described  the 
Ghorband  lead  mines,  was  not  aware  of  the  occurrence  of  copper  ores 
near  Kabul;  he  states  that  all  which  was  broaght  to  him  came  from 
Bajaur,  north  of  Peshawar. 

Punjab. — Copper  deposits  in  the  Punjab  are  not  very  numerous,  nor 
do  they,  so  far  as  our  present  knowledge  of  them  goes,  possess  any  great 
importance.  The  localities  where  copper  ores  have  been  found  are 
situated  in  the  Salt-range,  Simla  district,  SijTnur  Stat«,  and  in  Kulu. 

Salt-range.— In  a  group  of  palaeozoic  (?  silurian)  rocks  in  the  Salt- 
range,  to  which  Mr.  Wynne  has  given  the  name  speckled  sandstone, 
there  are  certain  beds  which  have  been  called  the  copper  shales  owing  to 
the  presence  of  small  nodules  of  copper  sulphide  from  the  size  of  a  pea 
up  to  that  of  a  walnut.  Dr.  Fleming,  Mr.  Theobald,  and  Mr.  Wynne 
have  all  written  on  the  subject.  There  does  not  appear  to  be  the  slight- 
est chance  of  the  existence  of  a  Iwle  or  of  a  deposit  of  any  kind 
sufficiently  extensive  to  be  of  economic  value.  Mr.  Wynne  could  not 
find  any  of  the  nodules  in  situ. 

Simla  District:  Sol^. — ^There  is  an  abandoned  copper  mine  in 
the  Simla  slate  series  near  Solan ;  nothing  appears  to  have  been  pub- 
lished regarding  it, 

Sirmur  State :  Banal,  Lat.  80°  38'  30" ;  Long.  79°  29'  30*.— Ona 
mile  to  the  south  of  the  village  of  Banal  there  is,  according  to  Mr.  K 
D.  Oldham,  an  excavation,  in  which  fragments  of  quartz,  forming  parts  oi 
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a  vein  1  foot  thick.  He  among  the  decomposed  slates;  the  <iuartz  is  stainc<l 
with  malachite.  There  are  abandoned  mines  of  small  extent  at  Myth  in 
Sirmur  and  Kalsi  in  Jaunsar. 

Kulu. — Mr.  Calvert  has  brought  io  light  many  localities  in  Kain 
where  copper  ores  occur,  llie  principal  of  these  are  as  follows.  There 
are  remains  of  old  copper  mines  near  Chisani  and  loose  blocks  from  lodes 
near  Maol.  At  Malanna  copper  ore  occurs  with  galena  but  has  not  Ijeen 
worked.  The  mountain  above  Kot  Kandi  is  said  to  be  rich  in  metallic 
ores,  especially  those  of  copper,  the  lode  being  marked  by  stains  of  the 
carbonates.  Native  copper  is  reported  to  have  been  found  in  the  argen- 
tiferous galena  mines  at  Chitrani.  Unworked  lodes  of  cop|>er  are  found 
in  Shatgurh  and  near  Jerri  and  in  the  Khanor  Khud. 

Kashmir.— There  are  several  references  to  a  belief  in  the  existence 
of  copper  ores  in  some  parts  of  Kashmir,  but  definite  information  on  the 
subject  is  wanting.  Thus  Moorcroft^  states  that  mines  had  been  dis- 
covered and  Jacfpiemont  found  copper  ore  in  the  Lldar  valley,  on  the 
south-west  side  of  the  range  which  divides  Kashmir  from  Suru  in  Ladak. 
Mr.  Lydekker  *  refers  to  a  curious  discovery  of  native  copper  having 
taken  place  in  the  summer  of  1878.  Large  irregular  masses  of  metal 
were  found  in  the  Zangskar  river,  but  it  was  not  clear  whether  they  had 
been  derivetl  directly  from  the  tertiary  rocks  close  by  or  from  the  older 
rocks  further  south.  General  Cunningham*  pointed  out  J30  years  ago 
that  the  name  of  the  district  had  been  derived  from  zang»i  which  signi- 
fies copper,  though  he  could  not  learn  that  it  had  l)een  discovered  there. 

Copper  glance  and  copper  pyrites  with  metal  smelted  from  tliom  have 
been  received  from  Rondu,  16  marches  beyond  Kashmir.* 

North-west  Provinces :  Kumaun  and  Oarhwal  Districts. — The 
copper  deposits  of  these  districts  have  long  attracted  the  notice  of  the 
Government  and  the  public.  They  have  in  consequence  formed  the  sub- 
ject of  a  somewhat  extensive  literature  to  which  both  district  officials 
and  mining  experts  have  contributed.  It  will  be  well  to  give  a  brief 
account  of  these  reports  and  papers  before  entering  upon  the  details 
rtgarding  individual  mines. 

Captaiu  Herbei-t's  ®  memorandum  on  the  mines  and  mineral  produc- 
tions of  the  Himalayas  was  published  in  1829.  With  reference  to  the 
copper  localities  he  gives  a  considerable  amount  of  information  and  makes 

«  •  Knlu,'  pp.  6,  8,  23,  66,  67,  68.  70,  71,  73,  74*  75,  79,  88,  9L 
'  TniTels,  Vol.  I,  p.  313. 

•  Bcconk,  O.  S.  1.,  Vol.  XIII,  p.  40. 
<  Lndttk.  p.  234. 

*  Paiijnb  ProducU,  p.  10. 

«  A..  Ues.,  Vol.  \ym,  p.  239. 
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some  siiggofstions  as  to  tljc  best  method  of  increiising  tlie  outturn  from  the 
mines.  In  183b  the  mines  wore  examincil  by  a  Cornish  miner,  who  had 
been  brought  out  from  England  by  Colonel  Dmmmond.'  The  miner  na- 
turally found  fault  with  the  wasteful  system,  or  want  of  system,  practised 
by  the  miners,  and  suggested  improvements  in  the  tools;  enlargement  of 
the  narrow  burrows  into  practicable  passages  ;  the  use  of  timbering ;  the 
introduction  of  pumpiug  machinery,  &c.  In  1SS9  Lieutenant  J.  Glasfurd 
published  a  progress  report  of  the  experimental  working  of  a  mine  at 
Pokhri.  With  it  there  is  a  plan  of  proposed  adit  levels  and  shafts.  The 
native  miners  only  became  reconciled  to  the  use  of  timbering  when  in  one 
of  the  mines  they  discovered  that  old  timbei"s  had  been  placed  there  by  their 
ancestors.  A  good  deal  of  trouble  was  experienced  in  passing  the  galleries 
through  the  ancient  workings.  In  1841  a  final  report  on  this  experiment 
by  Mr.  Lusbington,  the  Commissioner  of  Knmaun,  detailed  the  operations 
conducted  under  Mr.  "Wilkius,  the  above  referred  to  Cornish  miner.  Be- 
tween December  1888  and  June  1841  a  sum  of  Rs.  3,364,  besides  Mfc- 
Wilkins'  personal  salary  of  Rs.  150  a  month,  had  been  expended  in  the 
attempt  t<:»  ojicn  up  a  new  mine  and  two  old  ones,  called  respectively  the 
Chowmutti  and  the  Raja's.  The  result  was  not  considered  to  be  satisfac- 
tory and  oiK'rations  ceased.  The  failure  was  attributed  to  poverty  and 
scarcity  of  the  ores  and  not  to  any  want  of  skill.  Difficult  carriage,  it  was 
thouglit,  woidd  prevent  even  a  rich  dei)osit  from  being  worked  with  profit. 
Euglish  copper  too,  even  at  Almora,  was  then  selling  at  a  price  below  that 
which  the  native  copper  brought  in  the  hills,  so  that  the  latter  obuld  not 
be  expected  to  compete  with  the  former  in  the  plains.  Mr.  Luihington, 
reviewing  the  whole  subject,  states  that,  knowing  all  the  circumstances, 
he  would  be  sorry  to  invent  money  of  his  own  in  any  enterprise  which 
had  for  its  object  the  working  of  these  mines. 

In  1815  Mr.  Siegraond  Rcckendorf  *,  a  Mining  Engineer,  wrote  a  rcptjrt 
in  which  he  sought  to  controvert  the  opinions  of  those  who  hiul  written 
before.  He  claims  lor  the  ores  a  high  value,  and,  with  some  justice  |>er- 
Laps,  states  that  the  means  at  Mr.  Wilkius'  disposal  were  not  sufficient  to 
test  the  deposit  fully,  lie  especially  condemns  the  system  of  smcUinjf 
which  had  been  practised  as  being  wasteful. 

The  next  report  is  by  Mr.  J.  O'B.  Beckett,  dated  1850;*  it  refers 
principally  to  the  iron  of  Kumaun,  but  also  gives  some  infonnatiou 
reg»i"diug  the  copper  at  Lobha. 

'  Jour.  A*.  Soc.  Bciiff»l,  Vol.  VII.  |».  934. 

*  Op.  eit..  Vol.  Xll.  p.  163. 
»  Up.i'it.,\ol  XIV.  ji.  471. 

•  Jj«J»x't«oua  from  UcconU,  North- WMtt-rn  Proviueca  Qovcmiotfut,  Vol.  II.  Tart  XI h 
1S63.  p.  G7. 
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In  1S55  Mr.  William  Jory  Henwood/  with  two  miuinj^  nssitjlantfl 
and  an  iron  smelter,  came  out  to  report  on  the  metalliferous  deposits  of 
Kumaun  and*"  Garhwal.  Mr.  HcnwJXKl's  report  pnnci|)ally  doald  with 
the  iron,  but  several  pages  of  it  are  devoted  U)  the  copper  orwsr,  with  which 
he  does  not  appear  to  have  been  favoumhly  Impressed  ;  but  he  discerned 
eueouraj^ini;  features  at  some  of  the  mine«. 

In  1856  a  further  report  on  those  mines  by  Mr.  James  Barratt,  Mr. 
Henwootl's  First  Assistjutl,  appeared.  He  rect>mniended  that  regular  mines 
should  be  opened  at  Tomacol  i  and  Dhobn,  and  s|)eakH  hij^hly  of  the  ortis. 

The  latest  writers  on  the  subject  are  Mr.  Lnwdcr  and  Mr.  E.  T. 
Atkinson,  the  account  by  tlie  ktter  containing  a  useful  reifumt'  of  previ- 
ous information. 

Bai  MiNB.^-This  mine,  which  is  sitnated  in  GangoH  pargana,  is,  ac- 
cording to  Mr.  Atkinson,  the  most  important  in  Kumaun.  Mr.  HenwrMHl 
VTBS  unable  to  examine  the  deposit  in  situ  owing  to  the  ruinous  condition 
of  the  galleries.  The  matrix  of  the  ore  is  stated  to  be  a  taleosc  slate 
with  quartx,  ealc  spar  and  dolomite.  The  ore  itself  is  chiefly  pyrites, 
which  occurs  in  thin  strings,  but  grey  copi)er  also  occurs.  Colonel 
Drummond  found  the  cupriferous  band  tx)  be  about  2  feet  thick,  of  wliiuli 
20  per  c^nt.  was  ore.  Authorities  differ  as  to  the  true  strike  and  dip  of 
this  band.  It  is  traditioiully  reported  that  large  quantities  of  metal 
were  produced  from  this  mine,  but  it  is  now  deserted,  and  to  ojkmi  it 
properly  wonid,  in  Mr.  Barrott's  opinion,  cost  more  than  it  would  be 
likely  to  yield. 

SiuA  MINES. — The  Sira  mines  arc  in  paUi  Barabisi,  in  pargana  Sira, 
and  are  situatofl  on  the  side  of  a  mountain.  The  ore  is  pyrites  accom- 
l)iinied  by  mundie,  and  it  occurs  in  beds  of  t4dcose  and  calcareous  rocks. 
As  blocks  of  more  than  a  foot  cube,  which  were  permeatoil  with  veins 
and  spots  of  ore,  had  been  extnu^ted,  it  was  concluded  that  the  lied  was 
large.  Tlie  recent  writers  wen?  unable  to  obtain  access  t<»  the  interior 
owing  to  the  galleries  having  fallen  in,  but  Colmel  Drummond  found 
that  at  33  fathoms  a  band  of  ore  was  met  with  in  the  level,  and  another 
at  the  end  of  it,  neither  of  them  apparently  Ijctn;^  of  much  promise. 

Gaul  mine. — This  mine,  which  is  in  patli  Kharnhi,  is  said  to  Ik; 
similarly  sitnated  to  one  called  Sor-gurang.  Mr.  HenwtHKl  describes  the 
including  rw.^ks  as  Ixiing  a  while  tulcose  slate  and  a  silieetKCalwireous  rock 
which  strike  s<,»uth-ca8t  by  north-west  and  ilip  south-wetit  35^  to  15". 
The  ores  occur  in  very  gniall  (juantitics;  they  consist  of  pyrites,  grey 
copfwr,  and  the  earbonatee ;  the  dcpoeil  docs  not  a{>pear  to  be  of  mnvU 
value. 
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Mr.  Alkiuson  roenUons  the  following  additional  localities  where 
tracca  of  c<;[»pcr  orc«  have  been  observed :  Ganai  and  Phadiali,  in  paid 
Athj^aoiiy  pargana  Gangoli ;  at  Bujul  and  Ratha^nt  in  patti  Bel ;  and  at 
Tfunba  Putti  in  patti  Gan«jr>li,  in  a  matrix  of  talcoso  rocks.  Ther«  are 
small  minen  in  patti  Giwar  at  Chin-kn-kali,  Belcr,  Sor,  and  at  Kemakhet^ 
on  the  ea^t  bank  of  i]u>  Ladhya  river  in  Kali  Kumaun. 

"The  above-mentioned  Gangoli,  Sira  and  Sor  mines  were  farmed 
from  the  conquoBt  till  1828,  when  they  were  leased  for  one  year  to  the 
inincru  and  wore  again  farmed  at  a  reduced  rent  in  lS3;i.  In  1815  they 
yielded  a  revenue  of  Rh.  850,  which  was  increased  to  Rs.  1,201  in  1819  and 
18:20,  and  to  Ks.  1,210  in  1821  and  182^ ;  but  in  1874  the  whole  of  the 
copper  mines  of  Kumaun  brought  in  a  revenue  of  only  Rs.  IJO  a  year." 

The  following  mines  are  all  situatod  in  the  Garhwal  district.  They 
are  more  extctiHivr  and  are  said  to  have  borne  a  higher  reputation  than 
tliotte  of  Kumaun. 

DuANi'Utt,  Lat.  30"  13' ;  Long.  79°  9'.— The  descriptions  of  the  roclts 
at  thciio  diCTeront  mines  vary  a  good  deal.  Some  speak  of  the  matrix  being 
u  dolomite,  whih.'  others  describe  it  as  a  silicioiia  limestone  which  may 
of  courHO  bo  dolomitie.  Occasionally  too  the  term  steatite  is  used  for  a 
rock  whii'h  in  probably  a  taloose  schist.  The  metalliferous  zone  at  Dhan- 
pur  i»a;ud  to  be  50  to  GO  feet  thick,  the  ores  occurring  in  thin  subordinate 
bands,  but,  according  to  Mr.  Hen  wood,  there  is  concentration  of  ore  at  the 
points  of  int^'rscction  of  certain  joint  planes  in  the  limestone  with  tlie 
phmcs  of  bedding.  A  scam  of  ore  one  foot  thick  is  mentioned  by  Mr. 
VVilkiuSj  but  generully  it  occurs  in  seams  of  an  inch  or  less  in  thickness. 
TI»o  01*0  found  is  prineijtfiUy  pyrites,  but  piu'ple  and  vitreous  copper,  i-ed 
oxide,  iu)d  the  carbonates  also  occur. 

The  native  systA^n  of  working  was  to  chisel  ont  the  thin  fleams  of 
comjMirativoly  soft  oiv  and  then  to  burn  the  rock  so  as  to  facilitate  its 
removal.  Ac^<!ording  to  Mr.  Atkinson,  the  mine  is  not  now  much  worked 
by  tiio  natives,  partly  owing  to  the  intricacy  of  the  passages  and  partly 
in  consKHpience  of  the  belief  tliat  it  is  nearly  exhausted. 

DiioBui,  Lat.  30'  12'  30" ;  Long.  79'  T  89".— This  mine  is  situated  on 
the  south  side  of  the  Dhanpur  range,  and  according  to  some  of  the 
authoritiM  it  is  considered  that  the  deposit  is  continuous  with  the  one  last 
(loscrilKHl,  the  including  rocks  beings  identical,  or  nearly  so,  iu  eharacior. 
Mr.  Burratt  gives  a  full  dosoription  of  one  of  the  mines  near  the 
vilkige,  which  was  the  only  on«  open.  The  inehne  dipped  with  the  ore 
ixom  tbo  onicrop  on  the  mountain  side  at  an  angle  of  lO""  south^soutli* 
w€Bt  T%o  iiuaiii  of  ore,  for  it  doc«t  not  ap^niar  to  bo  a  tnie  tude,  was  2 
reel  thick  and  ww  rich  in  CQpjw  pyriU^  and  purple  tx>ppcr  ;  the  air  at  the 
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l>otiom  of  the  incline  or  drift  was  so  foul  that  the  men  coidd  only  stay  id 
it  for  a  few  minutes  ;  six  men  worked  in  turns,  five  breathing  fresh  air 
outside  while  one  was  inside  in  the  dark,  as  no  light  would  bum  in  the 
vitiated  atmoepbere.  The  pyrites  ia  said  to  contain  25  per  cent,  of 
copper.  Mr.  Barratt  was  of  opinion  that  this  mine  with  proper  system 
could  be  worked  profitably.  Copper  was  then  selling  at  Re.  2  a  seer,  or 
at  the  rate  of  £224  per  ton. 

To  the  west  of  the  village  there  are  several  deserted  mines,  the  cus- 
tom of  the  miners  havinfj  been  to  open  a  new  mine  on  the  outcrop  when 
the  passages  in  the  old  ones  became  too  intricate.  Theri^  is  water  power 
suitable  for  machinery  1|  miles  below  the  mine,  and  an  abundant  supply 
of  wood  for  all  purposes. 

Agab  Sera.— At  this  locality,  which  is  in  the  patli  Lobha  and  at 
Tomacotee,  8  miles  north-north-west  of  Agar,  there  are  old  mines 
which  appear  to  be  not  much  worked  owing  to  their  depth  and  the  bad- 
ness of  the  ventilation.  Mr.  Henwood  thought  that  the  thin  strings  of 
vitreous  and  purple  copper  traversing  the  quartz,  though  not  constituting 
a  rich  ore,  offered  some  encouraging  features.  Improvements  in  the 
mines  were  suggested  by  Mr.  Barratt^  but  the  adits  required  could  not 
be  cut  in  the  hard  rock  except  at  great  expense.  He  states  tliat  the 
Tomacotee  mine  is  favourably  situated,  wood  and  water  being  abundant, 
and  the  Ramgunga  might  be  made  use  of  to  afltord  power  to  pump  mines 
below  the  base  of  the  mountain. 

PoKHRi,  Lat.  'Mf  20';  Long.  79°  15' — This  locality  is  in  the  centre 
of  a  group  of  mines  bearing  the  following  names  :  Chauraattiya,  Raja's, 
Nota,  Tliala,  Dauda,  Talapungla,  and  Kharna.  The  first  three  were  the 
scene  of  the  ex|wrimcntal  mining  carried  out  by  Government  under 
Mr.  Wilkins,  which  has  been  described  above.  These  mines  were 
worked  in  early  periods  by  the  Garhwal  Rajas  and  subsequently  by  the 
Gurkhas.  Some  of  the  mines  offer  considerable  facilities  for  working ; 
in  others  there  would  be  diftlculty  in  establishing  effective  drainage; 
in  some,  the  ores  are  said  to  be  rich.  Mr.  Kenwood's  report^  on  the 
Chaumattiya  mine,  more  clearly  than  those  by  any  of  the  other 
authorities,  indicates  the  mode  of  occurrence,  and  is  in  part  applicable  to 
all  the  mines  throughout  Kumaun  and  Garhwal.  lie  says  :  '*  There  is 
no  lode  or  metalliferous  vein  visible  in  it,  nor  have  we  seen  one  during 
our  enquiries  in  this  country.  The  cop|>or  ores  extracted  lie  in  thia 
plates  between  the  lamina)  of  the  slate  rock,  which  l)car  about  20°  we&t  of 
north  (magnetic),  and  dip  north  of  east,  00".     The  formation  cx|x»6cd  in 

'  Svkx-Uoiu  from  Record*,  Uovcramcnt  of  liulin»  185&,  Vol.  VI 11,  p.  4. 
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the  (leopor  part  of  the  gallery  is  a  fissile  Iiomogcneous  lead  blue  slate,  which 
closely  resembles  the  KiUas  of  some  parts  of  Cornwall,  aud  the  mctulli- 
feroiis  slates  of  Wicklow ;  on  this  rejwsos  an  equally  thiitly  laminated 
rock  of  a  pale  yellowish  buff  colour,  which  seems  abnost  exclusively 
composed  of  tale ;  extremely  thin  short  beds  of  quartz  occur  conformably 
at  intervals  between  the  slaty  laminie,  occasionally  tinged  with  earthy 
brown  iron  ore.  Copper  pyrites  and  purple  copi>er  ore,  in  plates  equally 
as  thin  as  those  of  quartz,  but  perhaps  rather  longer  and  broader,  are  in 
like  manner  interstratiiied  amongst  the  rocks,  possibly  rather  more 
abundantly  near  their  junction  than  elsewhere.  Where  they  touch  the 
quartz  they  transfuse  it,  and  the  united  mass  for  an  inch  or  two 
increases  in  size,  but  it  as  rapitUy  dwindles  and  they  soon  separate.  They 
seldom  exceed  half  an  inch  in  thickness,  the  metallic,  equally  with  the 
earthy  ingredienta  evidently  being  part  of  the  rock  formation,  which  is 
copiously  stained  with  the  green  and  occasionally  with  the  blue  carbo- 
nates of  copper." 

Regarding  the  Raja's  mine,  which  however  had  fallen  in  at  the  time 
of  his  visit  and  was  inaccessible,  Mr.  Henwood  remarks :  **  We  have 
never  before  seen  a  spot  so  scantily  sprinkled  with  ore,  and  offering  in 
our  judgment  so  small  a  prospect  of  improvement,  so  extensively  and 
perseveringly  worked." 

It  would  seem  from  a  perusal  of  all  the  numerous  reports  that  these 
copper  deposits  of  Kumaun  and  Garhwal  are  not  such  as  to  offer  a  very 
encouraging  prospect  for  the  investment  of  capital. 

Mr.  Kenwood's  acquirements  give  to  his  opinions  a  much  higher 
value  than  can  be  attributed  to  those  of  some  of  the  other  writers.  He 
states  that  of  the  reports  which  had  been  written  before  his  visit,  Mr. 
Lushington's  was  by  far  the  most  minute  and  practical. 

In  reference  to  the  high  price  of  copper  in  the  hills  it  should  bo 
l>orne  in  mind  that  this  would  probably  be  reduced  by  a  large  outturn,  and 
the  demand  being  limited,  another  market  would  have  to  be  found  for  it. 

The  native  process  of  smelting  the  ore  being  substantially  the  same 
as  that  in  practice  in  Sikkim,  aud  which  is  described  below,  need  not  be 
specially  noticed  here. 

Nepal. — The  existence  of  mines  of  copper  in  Nepal  has  long  been 
known,  but  beyond  the  bare  fact  there  is  no  information  whatever  owing 
to  the  jealous  way  in  which  the  resources  of  that  country  are  kept  hid- 
den from  the  public.  In  1833'  Mr.  B.  Hodgson  presented  some  samples 
of  copper  pyrites  largely  mixed  with  mundic  from  Nepal  to   the  Asiatic? 


>  Jour.  Aa.  Soc.  Bciiffnl,  Vol.  II,  i».  U5. 
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Society.  Dr.  Campbell,'  when  announcing  tlie  discovery  of  copper  ores 
in  the  Darjiliog  district,  alludes  to  those  of  Dunkoota,  in  Nej)al,  as 
being  rich  ;  and  Captain  James  also  refers  to  the  excellence  of  samples  of 
Nepal  ores.  In  the  year  1854  Jung  Bahadur  presented  some  eamplee 
of  ore  to  the  Asiatic  Society,  and  Mr.  Piddington,  observing  that  these 
included  pieces  of  a  curious  mineral  worthy  of  special  investigation^ 
applied  for  further  samples  whjch  were  ultimately  obtained  for  him  by 
Major  lliimsay. 

Mr.  Piddington^  describes  the  matrix  of  the  ore  as  consisting  of 
different  varieties  of  quartz^  all  beautifully  stained  with  the  turquoise 
blue  of  the  copper  which  the  ore  contains,  and  the  matrix  is  varied  by 
uests^  layers,  and  plates  of  a  bright  fawn^red  ore,  which  is  a  silicate  of 
cerium  and  iron ;  altogether  it  is  one  of  the  most  beautiftd  and  showy 
of  minerals.  The  ore  itself  is  massive  and  uncrystalHse<l  and  occurs  in 
veins  from  six-eighths  to  one-eighth  of  an  inch  or  smaller.  In  exter- 
nal appearance  it  resembles  some  of  the  varieties  of  graphite  ore 
the  ores  of  antimony  for  which,  where  the  enveloping  quartz  has  no  blue 
stain,  it  might  be  mistaken.  The  Nepalese  having  smelted  some  of  it 
cast  it  into  cannon  balls  which  when  fired  flew  into  pieces. 

Mr.  Piddington's  analysis  of  the  ore,  if  it  could  be  relied  on,  shows 
that  it  had  a  very  complex  composition,  and  he  proposed  for  it  the  name 
Nepaulite.     The  constituents  were  stated  to  be  as  follows — 
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Solphur 

160 

Silica 

.      800 

BiaiDuth  Cttrbonute 

34  80 

Copper           „ 

. 

2200 

Iron                „ 

. 

2502 

Cerium  oxido 

9.10 

Luulhunum  P 

Total 

2-80 

1UU-7S 

As  has  been  remarked  in  Chapter  III,  the  ore  apparently  contains 
a  large  percentage  of  bismuth. 

Mr.  Medlicott,'  when  he  visited  Nepal  in  1875,  was  not  permitted  to 
examine  the  copper  mines,  which  he  believed  to  be  situated  on  a  faulted 
or  disturbed  line  of  junction  between  the  gneiss  and  8<.ime  quartzite 
schists.  By  a  curious  coincidence,  when  passing  along  the  road  near  this 
place  he  met  a  number  of  coolies  carrying  oopjyer   which  was  being 

«  Joor.  Aa.  Soc..  Bengal,  Vol.  XXIII,  p.  207. 

*  Idtrn,  I*.  170. 

*  Boconb.  a.  8. 1.,  Vol.  VIII,  p.  »0. 
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the  BafTupani,  the  ore  occurs  in  a  8tratuin»  E  feet  thick,  tlie  gangue 
being  hornblende  schist  with  quartz,  and  dipping  30'  to  40*  to  we«t;  as- 
sociated with  the  pyrites  there  is  some  zinc  blende.  There  had  been 
several  openings  here,  but  they  were  abandoned  and  had  fallen  in.  Mr, 
Mallet  considers  that  the  ores  at  this  locality  and  Rani  hat  may  be  on  the 
same  horizon,  and  that  there  were  probably  workings  at  intermediate 
spots,  but  he  could  obtain  oo  local  information  about  them. 

Pasuok. — The  principal  mine  ia  on  the  hill  side  above  the  Rangiak 
stream.  It  has  been  worked  by  different  proprietors.  The  copper  bear- 
ing rock  is  similar  in  character  and  is  considered  to  be  on  the  same  horizon 
as  that  at  the  previously  mentioned  localities.  A  sample  of  ore  for- 
warded by  Dr.  Campbell  to  Mr.  Piddiugton  yielded  only  1 1  per  cent,  of 
copper.     Another  mine  here  has  fallen  in. 

RaM(]bono. — Copper  ore  is  reported  to  have  been  found  here. 

Kalinopung. — The  mine  is  two  miles  north-east  of  Kulingpung. 
Tlie  rock  is  clay  slate  with  bands  of  quartzite  and  little  seams  of  quartz. 
Tlio  ore  occurs  in  all,  but  principally  in  the  quartz.  The  mine  was 
worked  about  the  year  1871  or  1872,  but  was  given  up  on  ac<;ount  of  the 
hardness  of  the  rock.  The  laigest  opening  runs  for  40  feet  along  the 
strike,  and  is  10  to  12  feet  deep. 

Re  Ung.— a  trial  drift  was  made  about  a  quarter  of  a  mile  from  the 
mouth  of  the  Re  Ung.  The  rock  is  clay  slate  with  bands  of  quartzite ; 
dip  40"  to  north  30'  east.  The  ore  is  sparsely  distributed  in  the  rock 
and  the  drift  had  been  abandoned. 

Manophu. — This  mine  is  on  the  Tista;  it  was  opened  about  the  year 
1870  and  is  considered  to  be  the  best  in  the  Darjiling  district.  It  was 
the  only  one  being  worked  at  the  time  of  Mr.  Mallet's  visit.  The  rock 
IB  a  light  green  slate,  containing  irregular  layers  of  fine  slaty  sandstone  ; 
the  dip  is  to  from  30*  to  40'  to  north-east.  The  ore,  with  w^hich  there 
is  little  or  no  mondic,  occurs  in  both  rocks  in  lenticular  layers.  The  main 
inclines  in  the  mines  descend  with  the  dip  to  a  depth  of  46  feet ;  they 
were  dry  in  January.  The  cupriferous  layere  occur  at  intervals  through- 
out a  total  thickness  of  200  feet,  and  there  have  been  0[>ening8  into 
these  at  various  levels. 

The  lessee  stated  that  the  yield  of  copper  from  the  picked  ore  is  4 
per  cent.,  and  tliat  during  a  year  he  liad  made  72  mauuds  of  copper,  ».  0. 
upwards  of  two  and  a  half  tons. 

Sam PTUAJt. — In  a  lateral  ravine  which  joins  the  Lesu  south  of  Samp- 
tfaar  indications  of  copper  have  been  exposed  by  a  landslip.  The  mode 
of  occurrence  and  character  of  the  ore  is  similar  to  that  liist  described, 
but  the  extent  of  the  deposit  is  not  known. 
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West  ov  Cnr.t,  vnm, — A  «miin  quarjlity  of  ore  was  extracted  from 
lUo  »)aUiK  in  a  ruvine  west  r/f  ibe  Cbcl  river.  The  band  of  ore  was  oafy 
out  or  two  incbf»  tbiok  and  ilu:  dip  wait  uortb  at  -(0^. 

CjficL  uiVBD. — Tbisinioe  was  unfavourably  Mtuat^d,  boiog'  in  tbe  bed 
of  the  river.  Tbo  seam  or  band  of  ore  waa  from  4  iucbes  to  a  foot  in 
thick mfiM,  nud  tbu  ilato  iucludingf  it  dipped  eaat  of  north  at  30^.  The 
mino  wiii  diillcult  to  work  on  account  of  nckncss^  and  was  given  up  in 
4^011!  r.f  tho  death  of  a  number  of  tbe  workmen. 

;  i      Haiti/. — Tbiw  nutm  is  in  Independent  Sikkim.     The  rock 

is  day  nhiUi  with  bnitimilnr  biincl«  of  quartz ;  the  dip  is  high,  approximat- 
inj?  Ut  tbe  vi'riirnl.  Mr.  Midlut  Hayw  ibo  ore  is  the  best  he  had  seen ;  it 
IM  froii  from  niiindic  and  occurs  in  tionixidorable  quantity.  A  selected 
Mttniplu  ^ave  U*l  per  cent,  of  ooppt!r.  and  an  ordinary  one  from  aheap 
prejumnl  for  woiibin)*  ^ve  7*8  per  eent. 

Bhutan  :  Cuamiihchi. — C<»pj)er  ore  t»»  said  to  occur  in  the  river  near 
thii  loeality ;  norno  Nepaleflu  who  attempted  to  work  it  were  driven  away 
by  iioknonH,  Mr.  Mallet  found  a  piece  of  quartzite  containing  copper  ore 
ill  Mio  biHl  of  tb«»  river. 

Wostarn  Duars:  BrXA— Mr.  Mallet  alludes  to  a  discovery  of 
eiqipcr  oiv  in  a  ^rwnisb  slnte  with  quartzosc  layers  at  a  spot  half  a  mile 
wc«t  of  Huxa.  The  pn)|>ortion  of  mnndic  at  the  surface  was  greater 
than  that  i^f  the  ore.  Since  his  vi^it  siunfdes  of  copper  ore  from  spvcrtl 
plunw  in  this  neifrhbonrhoiKl  have  been  forwarded  to  tl«?  Geological  Sur- 
vey ft»r  exunnnation  and  report.  One  s|>ecimen  of  bornito  or  jmrple  copjier 
on»,  oonitainiug  about  00  |vr  wnt.  of  metallic  copi^er,  was  received ;  this^if 
oMaimiUle  in  ijuautity,  wt>uld  of  onirso  be  highly  valuable,  but  no  ci-i- 
4I011M  M  to  its  abundance  is  yet  availalde.  l*bis  specimen  appears  to 
Imw  be«n  from  tho  K>c«lity  to  the  west  of  Buxa,  but  Uittre  b  tM  to  be 
ttOolhcr  on  th«  east  (O^cwl  Correspocidcucie,  1S75-76), 

>*  '         '      ',  whclhrr  in  Sikkiin  or  Bhataa»  fleem  to  be  ex- 
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«f  wood.  The  ore  is  carried  out  in  narrow  liaekcts,  and  picked,  crushed 
and  finally  pounded  with  a  stone  hammer  or  pounder  fixed  in  a  forked 
«tick.  It  is  then  subjected  to  several  washings,  ground  in  a  hand-mil], 
rewashed,  and  is  at  last  reiidy  for  the  preliminary  smelting^. 

The  furnace  is  either  built  of  refractory  clay,  or  is  simply  a  hole  dugr 
in  the  ground  with  a  clay  nm  at  the  sides  and  front,  and  a  hi;£fherone  or  a 
jstone  at  the  back  ;  the  inside  is  plastered  wi  th  refractory  clay  if  it  is  not 
suffilcicntly  so  naturally.  The  furnace  is  IS  inches  deep,  a  foot  square  at 
top,  and  taperin*  to  the  bottom,  where  charcoal  is  rammed  down  so  as  to 
form  a  floor  through  which  the  molten  metal  cannot  sink.  There  is  no 
orifice  at  the  base  of  the  furnace.  Two  clay  tuyeres  dip  into  it  vertically 
and  are  connected  with  simple  skin  bellows  by  horizontal  tuyeres,  which 
are  about  a  yard  long.  The  furnace  when  filled  with  lif^hted  charcoal 
is  soon  raised  to  its  full  heat  by  the  alternate  working  of  the  bellows, 
and  the  ore  is  then  sprinkled  on  from  time  to  time  until  a  suflicient 
Cjuantity  of  reg^ulus,  covered  by  li|2rhter  slag,  has  collected  at  the  Iwttom. 
On  the  remov^  of  the  charcoal  the  surface  of  the  slag  is  cooled  with  a 
wbisp  of  wet  straw,  and  several  cooled  and  solidified  cakes  of  slag  are  re- 
moved in  succession,  leaving  the  heavy  regulus  behind,  which  when  set  is 
taken  out,  pounded,  and  kneaded  with  cowdnng  into  balls ;  these  are 
dried  in  the  sun  and  then  roasted  with  free  access  of  air  in  a  shallow 
furnace  formed  of  a  ring  of  slag  cakes  placed  on  edge.  The  last  process 
or  refining  consists  in  treating  the  powder  produced  from  these  roasted 
balls  in  the  same  furnace,  and  in  precisely  the  same  manner  as  was  the 
original  ore,  the  result  being  that  a  fluid  mass  of  copj^er  is  foiuid  at  the 
bottom  of  the  furnace  which  on  cooling  is  removed.  In  this  state  it  is 
sold  at  a  rate  equal  to  al^out  \Dd.  a  pound,  but  it  has  to  l>e  still  further 
refined  before  it  is  available  for  ordinary  purposes.  The  lessee  of  the 
Mangphu  mine  informed  Mr.  Mallet  that  the  yield  from  the  various 
operations  was  as  follows,  but  the  figures  may  not  be  quite  reliable ; 
One  maund  picked  ore =6  or  7  seers  of  washed  ore;  7  seers  of  which  =  4» 
of  regulus  ;  4  seers  of  regulus=  If  seers  of  cop])er,  or  3J  to  4^  per  cent,  of 
oopper  from  the  picked  ore.  Eight  or  nine  seers  of  regulus  are  obtained 
at  one  operation  in  about  six  hours,  and  3  or  4  seers  of  copper  in  about 
three  hours  more. 

Assam. — In  Assam  proper  no  ores  of  copper  have  as  yet  l)een  di»- 
COiv«red.  According  to  Mr.  Robinson  a  small  quantity  of  smelted  copper 
used  to  be  brought  into  Assam  from  the  Abor  country  to  the  north- 
east, but  the  visits  of  the  Abors  used  not  to  be  much  encouraged. 
It  is  not  improbable  that  the  deposit  of  ore,  from  which  this  copper 
was  made,  is  of  the  same  character  as  that  found  in  Sikkim. 
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In  the  year  1879  Colonel  Johnstone,  Political  Agent  at  Manipur, 
forwarded  some  copper  ores  from  the  low  hills  bordering  the  Kuho  A'alley 
in  Manipur.  The  samples  were  examined  by  Mr.  Mallet,  who  found 
that  they  consisted  of  a  mixture  of  the  carbonate  (malachite)  silicate 
(chrysocolla)  and  sulphide  of  cop|^r  associated  with  cupreous  hematite. 
The  contained  metallic  copper  amounted  to  IS'l  and  the  iron  to  4.4'8 
per  cent.  Nothing  is  at  present  known  as  to  the  extent  of  this  deposit. 
Burma :  Arakan  Division, — Nearly  forty  years  ago  some  excite- 
ment was  caused  by  an  alleged  discovery  of  copper  ores  on  Round  Island, 
off  the  coast  of  Arakan.  The  specimens  which  gave  rise  to  the  story 
were  forwarded  by  Captain  Williams  to  Mr.  Piddington,*  who  described 
them  as  "  nodules  of  native  copper  with  red  and  black  oxide  and  silicate 
of  copper,"  and  in  another  account  the  "  blue  and  green  carbonatet''  were 
substituted  for  the  silicate.  Mr.  S.  Momy  also  gave  an  analysis,  stating 
that  the  specimens  consisted  of  an  alloy  of  copper,  titanium,  mercury* 
lead,  cobalt,  and  iron.  The  Rev,  F.  Mason*  states  that  he  saw  a  specimen 
of  azurite  or  the  blue  carbonate  of  copper  from  Cheduba.* 

In  the  year  1878  Mr.  Mallet  visited  Round  Island,  which  he  found,  as 
he  had  anticipated,  was  made  of  stratilied  tertiary  rocks  similar  to  those  of 
Ramri  and  Cheduba,  and  therefore  very  unlikely  to  be  the  matrix  of  cop- 
per ores.  No  one  on  the  island  had  heard  of  copper  ores  having  ever  been 
found.  So  the  matter  might  have  rested  had  not  Mr,  Mallet  found  a  tray 
of  pellets  of  metal  in  the  old  collection  of  specimens  in  the  Museum 
which  were  labelled  "  Copper  ore  from  Flat  Island,"  presented  by  Captain 
AVilliams.  It  was  obvious  from  the  original  papers  that  there  had  been 
confusion  between  the  names  of  the  two  neighbouring  islands.  On 
examination  these  pellets  proved  to  consist  of  an  alloy  of  copper  and  tin> 
and  one  which  has  never  been  found  native,  but  which  is  commonly  made 
artificially  and  used  by  the  Burmese.  It  is  clear  therefore  that  the  pellets 
were  not  of  natural  origin.  From  their  condition  when  found  they  had 
probably  long  been  buried.  The  alteration  of  metallic  copper  and  bronze 
when  long  buried  in  certain  soils  is  well  known  to  take  place. 

Tenasserim.— RowN-zA-LENG  or  Yonzalin  or  Yoonzalem  River. 
A  specimen  of  copper  ore  from  a  spot  on  this  river,  said  to  be  accessible  by 
boats,  was  obtained  by  Mr.  O^Riley  in  the  year  1863,  and  was  forwarded 
to  Mr.  Waldie  for  analysis.*    It  proved  to  be  a  very  singular  and  appa* 


»  Jonr.  Aa.  Soe.  Bt<n<f»I,  VoL  XII,  pp.  303.  90i,  Dli,  1014. 

'  Nittafal  Productions  of  British  Bnniu,  p.  39. 

»  IWa»di»,  a.  8. 1.,  Vol.  XI..  p,  223. 

•  Fwcedingi,  As.  Skw.,  Dcngiil,  1870.  p.  27ft. 
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rently  hitherto  undcsoriljcd  combination  of  minerolfi^  and  Mr.  WaMic 
named  it  after  its  discoverer,  O'Eileyite. 

The  following  are  the  rosalts  of  the  examination  of  two  specimens 
which  indicate  that  tlie  substance  is  not  a  definite  compound.  The 
seoond  specimen  appears  to  have  been  from  a  distinct  locality— 
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The  proportion  of  silver  in  the  first  assay  is  eqnal  to  313  ounces  troy 
to  the  ton  of  ore,  but  in  the  second  no  trace  of  silver  is  indicated.  Dr. 
Waldie,  in  consequence  of  the  absence  of  sulphur  in  the  second  and  its 
small  quantity  in  the  first,  and  the  fact  that  the  proportions  of  constitu- 
ents cannot  be  reduced  to  any  probable  formula,  was  inclined  to  regard 
the  mineral  as  an  alloy.  Nothing  is  yet  known  as  to  its  abundance  or  pre- 
cise mode  of  occurrence. 

Four  other  samples  of  copper  ores  were  obtained  by  Mr.  O'Riley, 
three  of  them  in  different  localities  with  the  galena  of  Martaban  and 
one  in  the  hills  east  of  the  Sittang  river. 

Mr.  O'Riley  '  also  obtained  copper  slags  and  metallic  copper  at 
three  localities  between  Maulmain  and  the  mouth  of  the  Tavoy  river. 
According  to  Dr.  Oldham,  who  reported  on  these  specimens,  one  of  the 
fragments  of  metallic  copper  had  been  part  of  a  manufactured  vessel;  the 
other  was  too  small  to  allow  any  opinion  being  formed  regarding  it,  but 
the  sconfe  seemed  to  point  to  the  existence  of  a  source  of  ore  in  the 
neighbourhood. 

In  the  year  1873  Mr.  M.  Fryar^  visited  a  locality  where  copper  ore 
occurs,  on  the  Megathat,  a  tributary  of  the  Attarau,  several  days' journey 
to  the  south-east  of  Maulmain.    The  ore,  so  far  as  he  was  able  to  sec, 

*  RcconU.  Benjfftt  rSovemment,  No.  VI,  pp.  27  and  33, 

■  Letter  to  Commisaiuaor  of  TeoaiMriin,  dated  2$tb  July  1873. 
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had  been  brought  in  solution  and  deposited  among  detritus  between  two 
hills,  and  in  this  detritus  drifts  had  been  made  by  the  natives^  naturally 
without  success ;  no  vein  or  lode  of  ore  was  discovered. 

According  to  Captain  Foley,  as  quoted  by  Mr.  Theobald/  stains  of  the 
copper  carbonates  occur  in  the  Botoung  hills,  90  miles  north-north- 
east of  Maulmain. 

There  are  rumours  of  the  occurrence  of  copper  ores  in  some  of  the 
islands  of  the  Mergui  Archipelagfo,  Lampei  or  Sullivan's  Island  being 
specially  mentioned,  but  there  is  probably  no  good  foundation  for  these 
rumours.  Altogether  it  must  be  stated  that  at  present,  taking  into 
consideration  all  the  available  information,  there  is  no  solid  ground  for 
hope  that  copper  in  workable  quantity  will  be  found  in  British  Burma. 

Upper  Burma. — ^According  to  Dr.  Oldham*  thiB  copper  required  at 
Amarapura  in  1855  was  all  brought  from  China ;  it  amounted  to  about 
85,000  viss  (=about  57  tons)  per  annum.  Copper  ores  were  said,  however, 
to  be  abundant  in  the  Shan  States,  and  a  rich  deposit,  80  miles  from  the 
capital,  is  specially  mentioned.  Dr.  John  Anderson'  states  that  copper  is 
brought  into  Momein  from  a  range  of  hills  near  Khyto,  and  he  considers 
that  it  might  possibly  become,  with  other  metals,  a  regular  export.  In 
1873  the  supposed  rich  deposits  of  copper  in  the  Shan  States  were  still 
unworked.  Major  Strover*  states  that  there  is  a  rich  description  of 
malachite  at  Bawyine  and  Kollenmyo.  Copper  mines  at  Sagaing  had 
been  worked  by  the  Chinese  but  were  then  abandoned.  Ores  of  copper 
are  believed  to  be  plentiful  in  Yunan. 

It  is  noteworthy  that  there  is,  or  used  to  be,  a  small  export  trade  in 
copper  from  the  port  of  Rangoon,  the  metal  being  in  the  form  of  broken 
or  used-up  copper  vessels  which  had  doubtless  been  originally  brought 
from  China  or  the  Shan  States. 

'  Rocords,  G.  S.  I.,  Vol.  VI,  p.  94. 

'  Colonel  Yule's  Mission  to  Ava,  p.  346. 

*  Expedition  to  Yunan  vid  Banio,  p.p.  92,  333. 

*  Gazette  of  India,  reprinted  in  Indian  Economist,  Vol.  V,  p.  14. 
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LEAD. 

L&AI>—  Qcncral  Reniarks.  Madraa  —  Kodnpah  —  Krumnl  —  PAlnad  —  RclUry.  Bengal — 
Blttd^lporeo-  Moughyr  —  Clmtia  Nivrjiur  —  Miiublmm  —  Hiixarihacrh  -  Lolianln^  — 
Sirgnja.  Centml  Prnpinee$—9>nm\vn\\ynr —  Unipttr  —  Juhalpiir —  HoiihAiitriibHil  — 
Nagpnr  —  Bcwuh  and  Bandclkhand  —  IbujimtArtA  —  Ajinir  —  IHwar  -  Tdi'ptir.  Bovi' 
hay,  ExtrO'penintHlar — BaloohiaUn — AfgffaiuiistAn.  Punjab— llikmrn — Mriri  —  Siinlo 
— Sinaar  —  Kulu.  yorth'We4tem  Pro»Mkr»r— Oftrhwal — Kumaun  — Nepal— Dar. 
jiling — Amaid  —  Barnm. 

Lead :  General  Remarks. — Lead  rarely  occurs  in  tbemetnllic  state 
or  native,  and  there  appears  to  be  no  recorded  case  of  its  ever  having  been 
found  in  this  condition  in  India.  Its  commonest  ore  is  the  sulpliide  or 
galena ;  many  of  the  other  ores  are  chiefly  of  interest  to  the  mineralogist, 
but  bournonite  or  antiraonial  lead,  cerussite  or  the  carbonate,  pyromorphite 
or  phosphate,  mimetite  or  arsenate,  and  crocoisite  «»r  chromat«,  are  all  of 
economic  importance.  Many  of  the  compounds  of  lead  which  do  not 
occur  abundantly  in  nature,  but  which  are  extensively  used  in  the  Arts  for 
pigments,  dyeing,  glass-making,  medicine,  &c.,  are  artificially  prepared. 

Although  at  the  present  moment  tJiere  are  no  lend  ores  largely 
worked  in  India,  there  is  probably  no  metal  of  which  the  ores  have  been 
formerly  worked  to  so  large  an  extent,  excepting  of  course  those  of  iron. 
This  is  testified  to  by  the  extent  of  the  ancient  mines  in  Southern  India, 
Bajputana,  Balochistan,  and  Afghanistan.  In  some  of  these  cases  the 
ore  may  have  chiefly  been  sought  for  for  the  silver  which  it  included. 

In  peninsular  India  the  ores  of  lead  are  found  in  the  rocks  of  meta- 
morphic,  submetamorphie,  and  lower  Vindhyan  ages  only ;  but  in  the 
extra-peninsular  areas  they  occur  in  at  least  one  younger  formation, 
namely  in  the  cretaceous  rock»  of  Balochistan. 

Madras. — In  the  Madras  Presidency  lead  ores  have  been  found 
ki  the  following  districts  :  In  Kadapah,  at  Jungumrazpilly  and  Cotelur; 
in  Karoul,  at  Gazalpully  and  Koilkontia;  in  Bellary,  in  the  Sandur 
hills;  in  Palnad,  at  Karampudi.  All  these  deposits,  save  that  at  Bellary, 
occur  in  rocks  belonging  to  some  one  or  o^her  sub-divisions  of  the  Karuul 
Beries. 

Kadapah  District:   Jungamsazpilly  or    Baswapur;  Lat.   11 
4-6'  30*  ;    Ung.    78 '   5fi'  .SO'.—At  first  sight  there  is  not  a  little  con. 
fusion  in  the  accounts  of  the  lead  mines  in  the  Karnul  and  Kadapah 
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districts,  owing  to  the  fact  that  the  name  Baswapur  is  applied  by  differ- 
ent authors  to  wholly  different  places.  The  Baswapur  of  Wall  is  close 
to  Jtmorumrazi^illy  in  Kadapah,  while  the  Baswapur  of  Newbold  '  and 
King  is  a  well-known  locality  in  Karnul,  close  to  which  is  a  vilJage  called 
Gazalpully.  As  a  further  source  of  confusion  no  two  of  the  above-named 
authors  spell  these  names  in  the  same  way,  or  as  they  are  spelt  on  the 
map ;  each  village  appears  to  be  provided  with  a  varied  assortment  of 
aliafgs. 

The  village  of  Jungumrazpilly  is  situated  on  a  pass  which  traverses 
the  range  of  hills  known  as  the  Nallamallays,  about  4  miles,  north  of 
the  road  from  Kadapah  to  Budvail.  Mr.  King's'  account  partly  drawn  up 
from  Mr.  Oldham's  notes,  partly  from  personal  observations,  is  as  fol- 
lows :  "  The  old  and  now  deserted  lead  workings  are  at  the  south  end 
and  east  side  of  the  low  ridge,  just  north -north-east  of  the  village.  The 
pita  or  galleries  have  been  excavated  between  beds  of  dark  grey  silicious 
limestone,  which  is  impregnated  with  strings  of  white  and  dull  blue 
quartz.  These  rocks  are  referred  to  the  Cumbum  division  of  the  Nalla- 
mallay  group  of  the  Karaul  series.  Granular  sulphide  of  lead  is  dissemi* 
nated  in  very  small  quantities  through  the  blue  quartz.  In  the  white 
quartz  there  are  faint  traces  of  copper.  The  strings  of  quartz  have  been 
deposited  in  north-north-east  and  south-south-west  fissures,  having  a  dip 
of  60°  westwards,  the  strata  lying  at  50*^  to  east  by  north.  The  old 
workings  are  to  a  great  extent  filled  up  with  the  excavated  fragments 
of  rock  and  are  now  overgrown  with  jungle.*^ 

Further  south  and  west  of  Jungumrazpilly  there  are  again  numerous 
old  galleries  excavated  in  the  same  series  of  beds ;  these  were  found  to 
contain  traces  of  galena,  which  appeared  to  be  more  abundant  in  the 
bedded  rocks  than  in  the  veins  traversing  them,  but  most  of  the  ore  had 
been  removed. 

East  of  the  same  village  there  is  a  zone  of  similar  rocks  traversed  by 
quartz  veins,  striking  north-north- east  in  which  copper  ores,  pyrites,  and 
carbonates  occur.  The  continuity  of  this  zone  is  disturbed  by  cross- 
faults.     At  Raiculcoonta  it  ceases. 

Captain  Newbold  described^  having  descended  a  considerable  depth 
into  one  of  a  group  of  upwards  of  50  mines,  which  are  situated  to  the 
south  of  the  abovementioned  road.  Some  of  the  masses  of  rock  exhib- 
ited signs  of  blasting  !  Other  exca%'ations,  mentioned  by  Captain 
Newbold,  are  within  a  radius  of  15  miles  of  the  above  area,  at  Kundela- 

*  Newbold,  however,  mentions '  Bostapor'  in  hii  account  of  J  ungumnupllly. 

»  Mem..  O.  8. 1.,  Vol.  VIII,  p.  27S. 

»  JouTv  Boy.  Ai.  Socy.,  Vol.  VII,  1843,  p.  217. 
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Bori  and  Polleram  Manu.  Mr.  King  also  alludes  to  some  situated  to  the 
west  of  Jungiimrazpilly,  opposite  Wouypenta,  and  at  the  entrance  of  the 
Ghingroy  Convoy. 

Mr.  "Wall,  Mineral  Viewer  to  the  Government,  describes  this  locality 
in  two  reports  to  Government ;'  unfortunately  a  plate  which  he  refers  to, 
as  showing  the  coni*se  of  the  lead  vein,  does  not  appear  to  have  been  r©» 
produced.  He  mentions  the  extension  of  the  lode  at  points  further 
south  than  do  the  other  already  quoted  authorities.  To  the  west  of  the 
main  lode,  and  at  a  distance  of  three-fourths  of  a  mile  from  it,  what  he 
calls  a  branch  vein  occurs  south-east  of  the  village  of  Nagsanpilly ;  it  is  split 
into  two  portions,  2  feet  apart,  each  averaging  4  inches  thick ;  they  are, 
however,  rich  in  galena,  and  copper  ore  occurs  with  it.  The  main  lode 
extends  into  the  Lunkamalla  hills.  Mr.  Wall's  analysis  of  these  ores  are 
as  follows,  he  having  made  two  of  each  :— 


Or..  DwU 

Jangmnrazpillj 

fl.Lead 
-  12.     ,. 

per  cent. 

66014 
6^604 

Silver 

per 

ton 

10    14 
13    13 

Do.           slime 

(1.     .. 
13.     „ 

•• 

22-4117 
33993 

Lonkamalla 

•• 

70121 
70  371 

•• 

•» 

9      2 
8       4 

Do.          slime 

[J:: 

•• 

36-278 

46000 

A       4 
8       4 

A  sample  of  ore  assayed  by  Mr.  Mollet  in  1879  yielded  78  per  cent, 
of  lead,  and  22  oz.  7  dwts.  of  silver  to  the  ton  of  lead. 

It  is  almost  certain  that  Dr.  Heyne's  statement,  Tracts  (p.  316),  that 
some  ore  from  a  miue  8  miles  from  Kadapah,whieh  was  assayed  in  Bengal 
by  the  Assay  Master  and  was  found  to  contain  1  \  per  cent,  of  silver,  must 
have  been  a  mistake,  since  11  per  cent,  would  mean  246*4  lbs.  to  the  ton 
of  ore.  This  mine  was,  he  says,  worked  by  Tipu  Sultan,  but  was  aban- 
doned on  account  of  its  not  being  sufficiently  rich. 

It  is  impossible  to  read  the  above  account  without  being  impressed 
with  the  evidence  afforded  of  this  Ijeing  a  metalliferous  locality  of  much 
promise,  the  value  of  which  has  been  much  enhanced,  as  Mr.  King  points 
out,  since  Mr.  WalFs  time  by  the  proximity  of  the  North- Western  line 
©f  railway. 

According  to  Captain  Newbold  (I.e.)  the  origin  of  the  extensive  exca- 
vations in  this  tract  is  lost  in  obscurity.  It  is  known  that  the  mines  were 
worked  in  the  time  of  the  Hindu  kings  of  Bijanagar,  and  subsequently 
by  the  Mahomedan  nawabs  of  Kadapah  in  the  time  of  Halim  Khan^  and 


Madru  Jour,  of  Lit.  and  Sci.,  Vol*  XX.  1858-59.  pp.  379  and  289. 
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iifterwawls  by  Ilyder  and  Tipu  ;  the  latter  is  said  to  have  destroyed  all  tlie 
milling  reooixls !  The  excavations  which  exhibit  marks  of  Idastiug  were,  he 
thinks,  prolmbly  worked  by  Mahomedans,  who  employed  ganjwwder  at  a 
yery  early  period  in  quarrying  rocks.  Captain  Newbold  adds,  however, 
that  about  30  years  previously,  which  would  be  about  the  year  1810, 
an  officer  of  the  Madras  Engineers  commenced  work,  but  after  a  short 
time  gave  it  up  again. 

The  possibility  of  the  silver  mines  alluded  to  by  Phny  having  beeu 
in  this  region  has  already  been  referred  to  in  Chapter  IV. 

CoTELim,  Lat.  14''  36'  30" ;  Long.  78"  4S'  15".— Captain  Newbold 
refers  to  a  report  that  galena  was  found  in  a  hill  near  the  Pennair  river, 
not  far  from  Kadapah,  and  suggests  that  the  metalliferous  zone  extends 
northwards  to  the  Kistna  and  southwaitls  to  the  Pennair.  That  the 
rei>ort  was  well  founded  is  proved  by  the  fact  that  Mr,  Wall  '  describes 
the  occurrence  of  a  vein  of  quartz,  containing  cubical  crystals  of  galena 
at  Cotelur,  and  striking  across  the  river  from  north-north-ea-st  to  south- 
south-west.  He  is  uncertain  as  to  its  identity  with  the  LunkamuUn  lode, 
above  alluded  to.  It  traverses  a  bed  of  limestone  locally  known  as 
poo^pagherty  stone, 

Kamul  District:  Gazalpully  or  Baswapitr,  Lat.  15*  26';  Long. 
78°  45'. — Captain  Newbold  ^  in  1846  described  the  mines  in  the  vicinity 
of  these  villages.  ITioy  were  situated  about  6  miles  east  of  Gazal- 
puUy  (or  Gazoopilly).  The  galena,  in  association  with  sulphato  of 
baryta,  occurs  in  veins  of  quartz.  Several  other  mioenils  are  also  present, 
the  most  notable  being  a  faint  reddish  coloured  one,  which  Mr.  Piddington 
identified  as  carbonate  of  cerium ; '  another  mineral  be  named  Newbold ite, 
finding  it  to  be  a  .sulphuret  of  iron  and  an  unknown  earth.  Tliese  excava- 
tions were  numerous  and  were  from  5  to  15  feet  deep.  The  diamond 
mines  are  closer  to  the  villages. 

Mr.  Wall's  account*  of  this  locality  represents  it  as  affording  favour* 
able  indications.  In  two  samples  the  metalhc  lead  averaged  57'5  per 
cent.,  and  silver  was  present  in  the  proportion  of  5  oz.  19  dwta,  to 
the  ton. 

Mr,  King  describes*  the  deposit  of  sulphate  of  baryta,  which  is  full 
of  strings  of  granular  and  massive  galena,  as  occurring  in  the  same  way 
as  at  JuDgumrazpilly,  in   the  north-north-east  and  south-south-west 

'  Mjulrw  Jotir.,  Lit.  and  Sci.,  Vol.  XX,  p.  280. 
«  Jour.  A*.  Soc.  Itenpnl,  Vol.  XV.  p.  889. 
»  tdtm,  |».  62,  jinil  Vol.  XVI.  p.  I13t. 

•  Mmlnui  Jotir.,  Lit.  and  &-i.,  Vol.  XX  (new  scries,  4J,  p.  SbO. 

•  Mem.,  CJ.  8.  1.,  Vol.  VIII.  p.  278, 
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fUsixres  of  jointing  in  siliceo-calcarcoiis  beds  of  the  same  alato  scries.  A 
broad  deep  trench  or  quarry  cut  in  these  rocks  is  supposed  to  have  be€a 
the  work  of  the  Moguls. 

KoiLKONTLAj  Lat,  15^  14';  Long.  78**  £3'.  -Under  the  name  Coilcontla, 
(j  miles  west  of  Dhone,  in  Kamuli  which  it  is  to  be  presumed  is  identical 
with  the  Koilkontla  of  the  map,  Mr.  Wall  {I.e.)  described  another  mine, 
the  actual  site  being  one-fourth  of  a  mile  south  of  the  village.  He  stated 
that  it  is  situatetl  amidst  hills  of  granite  and  other  primitive  rocks.  There 
are,  however,  no  primitive  rocks  nor  even  hills  at  the  locality  indicated. 
The  rockB  belong  to  the  Khoondair  group  of  the  Karnul  scries,  according 
to  the  Geological  Survey  map.  The  ore  i>ccurs  disseminated  through  a 
liard  siliceous  matrix,  which  would  rctjuire  to  be  crushed.  This  would  make 
it  more  expensive  to  work  than  the  last-mentioned  ore.  Forty  maunds 
of  this  ore,  sent  by  Captain  Russell,  were  examined  at  the  Mint,  and,  to- 
gether with  samples  collct^tetl  by  Mr.  Wall  himself,  indicated  an  average 
yield  of  12  to  14  ounces  of  silver  in  a  ton  of  the  lead.  Previous  assays  by 
Dr.  Scott  gave  70  i)er  cent,  of  metallic  lead  from  the  dressed  ore,  Mr. 
Wall  refers  to  the  i)ros}>ect  of  the  railway  rendering  it  jKJssible  to  have 
this  ore  carried  to  some  locality  where  fuel  is  abundant. 

Dr.  Balfour  '  gives  an  account  of  ores,  apparently  from  the  same 
locality,  which  were  exhibilul  in  Madms  in  1857.  He  speaks  of  samples 
18  inches  in  diameter  and  weighing  upwards  of  3  cwta.  Tlie  ore  is  said 
to  have  been  discovered  accidentally  by  the  late  ex-Nawab  of  Karnul 
when  diy-ging  a  well.  Although  Dr.  Scott's  first  analysis  showed  no 
silver,  after  re-examinntion  the  ore  was  said  to  contain  uj)ward3  of  I 
j)er  cent,  or  374  ounces  ti>  the  ton.  Other  analyses  of  s|)ecimens  from 
Karnul  yielded  respectively  175  oz.  3  dwts.  and  16515  dwts.  in  the  ton 
of  lead,  as  already  stated  in  the  Chapter  on  Silver.  But  as  these 
results  are  exce[)tional,  being  t[uite  unprecedented  in  India,  they  require 
cunfirmation  before  they  receive  implicit  accept^mce. 

Palnad  District :  Karampudi,  Lat.  16^  26  j  Long.  79°  47'. — 
Mr.  King  '  mentions  that  there  are  old  lead  mines  at  the  nortli-easteru 
extremity  of  the  Wanmyconda  range,  near  the  village  of  Karampudi^ 
in  the  Palnad,  a  district  on  the  Kistna,  west  of  Guntur, 

The  mines  are  in  grey  siliceous  limestones  belonging  to  the  Karnul 
series. 

Bellary  District:  Sandur  Hills. — According  to  the  Bclhiry  Dis- 
manual,  tiict  (p.  05j,  lead  has  been  found  in  the  above-named  \i'i\U. 

'  CjolDpiwliii,  Art. — Gftli'M. 

»  iSxtu.,  U.  S.  I.,  Vol.  V  m,  p.  371. 
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The  so-called  antimony,  i  found  near  Vizianagram,  is  also  possibly 
galena. 

Before  leaving  the  suhject  of  South  India  lead  ores  it  may  be  of 
interest  to  quote  an  old  analysis  by  Dr.  Thomson^  of  a  supposed  new 
species  of  lead  ore  procured  in  the  shops  at  Madras  by  Dr.  Heyne,  who 
believed  that  it  originally  came  from  Malacca  and  Sumatra.  It  was 
employed  medicinally. 

Externally  the  mineral  was  blackish  blue  with  green  stains  here 
and  there.  Internally,  when  broken,  it  resembled  galena,  but  was  some- 
what darker.  Dr.  Thomson  considered  it  to  be  a  chemical  compound 
of  the  sulphides  of  iron,  lead,  and  copper,  and  not  a  mechanical  mixture. 
He  suggests  the  possibility  of  its  being  of  artificial  origin.  The  result 
of  his  analysis  proved  that  it  contained — 

Lend  sulphide 67269 

Copper      „       .        .        .         ,  .    4f\-»60 

Iron  .      2iIK) 


Total 


.  l<X)-3()9 


Bengal :  Bhagalpur  Division.— Within  the  limits  of  the  Bhagal- 
pur  Division  lead  ores,  principally  argentiferous  galena,  have  been  found  in 
the  Sontal  Parganas  district  at  or  near  the  following  localities :  Sankera 
Hills,  Turee  (?Tiur)  Hill,  Bairuki,  and  at  Pauch-pahar,  or  Akasee. 

In  the  Bhagalpur  district  the  occurrence  of  lead  ores  is  recorded  from 
Gonripur  or  Phaga  (also  known  as  Lachmepur) ,  Dudi  Jor,  Karda,  Gonora, 
Kejurea,  and  Khureekar. 

In  the  Monghyr  district,  in  or  near  the  Kharakpur  hills,  and  in  the 
Chakai  pargana,  there  are  rumours  of  lead  ores  having  been  found. 

The  Institutes  of  Menu  are  said  to  refer  to  the  region  in  the  vicinity 
of  the  Mandar  Hill  as  being  rich  in  mineral  wealth.  By  some  authorities 
it  is  thought  that  the  terms  Chandu,  Chandun,  &c.,  which  occur  as 
names  of  certain  hills  and  rivers,  may  have  reference  to  an  early  know- 
ledge of  the  fact  that  silver  {chand)  occurred  in  the  lead  ores. 

Throughout  the  division,  except  perhaps  in  the  doubtful  Kharakpur 
locality,  these  deposits  idl  occur  in  the  older  crystalline  or  metamorpbic 
rocks. 

Sontal  Parganas  District :  Sankera  Hills,  Lat,  94°  18' ;  Long. 
87°  2il*  30'. — In  these  hills,  which  are  about  5  mdes  to  the  north-enst  of 
the  station  of  Nya  Dumka,  Captain  Sherwill,  who  calls  them  the  SingheCw 

^  VixAgapAtani  Di«trict  Manoal,  p.  155. 

*  Mcinoin  of  the  Wcmeriaa  Natural  lluiory  Society,  Ediaborgb.  Vol.  II,  1818j  p.  252. 
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math  hills,  indicates  on  his  map  that  galena  had  been  Found.  The  rocks 
belong  to  tbegeneral  metamorphic  series,  a  trap  dyke  traversing  them  from 
north  to  south.  The  exact  spot  is  not  known ;  possibly  it  was  in  the 
Chandrapahar  (or  silver  hill)  to  the  south-west  of  the  main  mass  of  the 
Sankera  hills. 

TuREE  Pahar. — According  to  Dr.  McClelland*  galena  was  obtained 
at  a  place  bearing  the  above  name;  possibly  it  is  intended  for  Tiur,  lat. 
£4°  30' ;  long.  86^  54'. 

Baibuki,  Lat.  24*^  35'  SO';  Long.  8d^  40'  15'.— In  the  Chapter 
on  Copper  this  locality  has  already  been  descn1)ed.  The  copper  ores 
occur  there  in  greater  abundance  than  do  those  of  lead,  so  far  as  is  at 
present  known. 

Mr.  Piddington  *  describes  the  samples  forwarded  to  him  as  consisting 
of  (1)  bright  large-grained  galenas,  and  {%)  cupro-plumbite,  an  oi*e  of 
copper  and  lead  in  diagonally  lamellar  veins  ;  neither  of  these  yielded  any 
silver  to  Mr.  Piddington's  analysis,  though  the  copper  ores  did. 

Mr.  Barratt^  describes  the  lead  deposit  as  being  situated  60  fathoms 
to  the  south  of  the  copper.  A  true  lode  had  not  been  found,  but  lumps 
of  lead  ore,  several  of  them  consisting  of  pure  g^alena,  20  pounds  weight, 
were  taken  from  a  bed  of  quartzite,  which  strikes  with  the  rocks  gener- 
ally from  east  to  west. 

Messrs.  Johnson  and  Mathey  assayed  some  of  this  galena  with  tho 
following  result — 

Le«d 82-25 

Silver 09 

8u!pUar 15*40 

Carbonic  acid *86 

Silica 1'40 

Total       .        .  100-00 


The  proportion  of  silver  =  294  oz.  to  the  ton  of  ore;  it  contains  a 
very  slight  trace  of  gold.  A  ton  of  the  smelted  lead  therefore  would 
contain  35  oz.  14  dwts.  of  silver. 

Panch  Pahar  or  Akasbe,  Lat.  24^  38' ;  Long.  87°  15'.— Close  to 
the  village  of  Akasee,  in  the  Passye  pargana,  the  presence  of  lead  ore 
is  indicated  on  the  Revenue  Survey  map  by  Captain    Sherwilli   and 

'  Report  on  the  Oeolog>c&l  Survey  of  India,  p.  82. 
«  Jour.  Ai.  Soo.  Bengal,  Vol.  XX.  p.  7. 

'  Baport  to  MfitWB.  Mockey  and  Co.,  Calcatta,  dated  Biibhum  Iron  WorkS|  December 
1866,  p.  8. 
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Dr.  McClelland  says  that  it  occure  in  a  decomposing  bed  of  coarse  gra- 
nular quartz,  glassy  actiuolite,  or,  as  suggested  by  Mr.  Dudd,  perhaps 
cocoolite  and  earthy  felspar. 

The  galena,  \u  small  crystals,  constitutes^  it  was  estimated,  about  2 
per  ceut.  of  the  maea.  A  shaft  was  sunk,  but  the  prosj^ect  of  the  ore 
occurring,  in  eufficiettt  4uautity  to  be  extracted  with  profit,  was  considered 
to  be  small. 

Several  earlier  notices  of  this  ore  exist,  one  by  Dr.  Buchanan,  who 
visited  it  in  the  year  1810,*  when  its  jwssession  was  an  object  of  dispute 
between  two  zemindars,  Rupnaraiti  and  Kadar  Ali. 

In  another  account  by  him  *  he  states  that  it  was  not  galena  but 
antimony,  and  that  he  believed  the  deposit  to  bo  inconsiderable. 

A  subsequent  notice  is  by  Mr.  Jones,  in  his  account  of  the  Mineral 
Productions  of  Bengali.'  Although  he  speaks  of  it  as  being  situated  in 
Kharakpur  zilla,  his  mention  of  Dr.  Buchanan  and  the  two  zemindars 
makes  it  certain  that  tJiis  was  the  locality.  He  speaks  highly  of  the 
fc«vmple9  which  proved  to  be  galena,  containing  60  per  cent,  of  lead  and 
an  unascertained  quantity  of  silver. 

Dr.  McClelland  has  recorded  that  he  received  from  Mr.  Duncan, 
Deputy  Magistrate  jof  the  district,  a  specimen  of  a  similar  but  richer  ore 
from  another  locality.  The  name  is  not  given,  but  it  is  said  that  Mr. 
Dodd,  who  reported  on  the  subject  to  the  Government,  found  tlie  ore  to 
be  rich  in  silver. 

BhagaJpur  District:  Gouiupur  or  Fuaoa,  Lat.  24°  47';  Long. 
86*^  59'. — At  a  point  between  the  villages  of  Gouripur  and  Phaga  there 
is  a  galena  mine,  variously  spoken  of  as  the  Laksmipnr,  Phaga,  or 
Fogga  mine. 

In  the  year  1878  the  sinking  of  a  shaft  to  test  the  extension  of  the 
lode  was  commenced,  and  subsequently  a  prospectus,  with  a  view  to  the 
formation  of  a  company,  containing  the  rejxjrts  of  Mining  Engineers  an<l 
the  results  of  assays,  was  issued  by  the  holder  of  the  mining  rights 
from  the  landlord,  the  Kaja  of  Laksmipur.  At  the  time  of  writing  no 
company  appears  to  have  been  formed  and  work  has  been  suspended. 

TTie  vein  runs  with  the  metamorphic  rocks  which  strike  from  north- 
east to  south- west  and  the  dip  is  45.  One  of  the  reports  states  that 
the  ore  is  associated  with  sandstone,  which  is  certainly  a  mistake.  In- 
formation regarding  the  lateral  and  vertical  extent  of  the  lode  is 
incomplete,  but  it  is  stated,  in  a  report  by  Mr.  C.  Henwood,  Mining 

'   Vitlc  Frjt«n«l  of  Imlia,  Fib>.  28th.  1830. 

>  EhhUtii  Iii«1ta,  M  MitHiu,  Vul   11.  IN.17.  p.  168. 

*  Uk'«niiig»  iu  »ciuuco.  Vol.  1,  182J>,  p.  282. 
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Engineer  to  the  Putt«:ila  and  Subathu  silver,  lead,  and  copper  mines, 
that  in  the  vertical  shaft  it  continued  for  '28  feet  C  inches,  when  it 
dipped  out  southwards.  It  was  proposed  to  intersect  it  again  Ly  a  crofls 
cut  from  the  hottom  of  the  lode.  A  sample  of  galena  from  the 
surface  yielded  to  Mr.  Henwood  77  per  cent,  of  metallic  lead,  and 
a  sample  assayed  by  the  Chemical  Examiner  to  the  Government  pro. 
duced  391  raiM  of  lead  out  of  500  raiin  of  ore=78  per  cent,  and  55 
chittacks  (=  103  oz.  2^  dwts.)  of  silver  to  the  ton  of  lead. 

Another  sample  assayed  in  the  Geological  Survey  laboratory  peldod 
60  per  cent,  of  lead  and  58  oz-  of  silver  to  the  ton. 

Some  other  assays  give  still  higher  percentages  of  silver,  but  it  seems 
possible  that  they  were  not  made  with  suitable  apparatus  and  are  not 
therefore  to  be  implicitly  relied  upon. 

A  separate  deposit  is  said  to  exist  three-fourths  of  a  mile  north  of 
Gouripur  at  a  locality  called  Karabank,  but  regarding  it  no  particulars 
Are  available. 

The  Gouripur  mine  is  30  miles  south  of  the  Bhagalpur  Railway  sta- 
tion, and  about  25  miles  from  the  Baijauatli  and  SimaltoUah  stations 
respectively. 

DoDUOE,  Lat.  24°  41'  13" ;  Long.  86'^  47'. — ^A  mine  was  also  opened 
here  in  February  1879.  Its  position  is  stated  to  be  13  miles  north-east 
of  SimaltoUah  and  12  miles  south-west  of  Gouripur,  Galena  was  dis- 
covered in  the  gossan,  near  the  surface,  and,  according  to  Mr.  Henwood, 
yielded  7 1  per  cent,  of  lead  and  42  oz.  3  dwts.  of  silver  to  the  ton  of  ore 
(?  lead) .  Other  localities  in  this  neighbourhood  where  ore  occurs,  but 
regarding  which  no  particulars  are  available,  are  called  respectively^ 

Kauda,  Lat.  24"  40'  15"  ;  Long.  86°  47'. 

GoNORA,  Lat.  24""  39'  ;  Long.  86'  46'. 

Kkjubka;  Lat.  24^  40'  15";  Long.  86^  44'  30".— This  locality  is 
situated  al>out  4  miles  to  the  west  of  Dudijor.  Here  the  ore  is  de- 
scribc<l  as  occurring  in  a  saccharine  quartzite.  Samples  of  ore  mixed 
with  gangue  gave  12  percent,  of  lead  and  46  oz.  4  dwts.  3  grs.  of  silver 
to  the  ton  of  lead.  No  actual  measurements,  as  to  the  extent  of  this 
deposit,  are  available. 

Khurekkhar;  Lat.  24°  50';  Long.  86°  52'  15"  (A.  S.,  USj.^-Bo- 
tween  the  villages  of  Khureekhar  (or  Khyreekhad)  and  Narea  a  deposit 
of  galena  was  discovered  by  some  iron  smelters  about  the  year  lh66; 
and  in  the  year  1871,  the  fact  was  brought  before  the  notice  of  the 
Bengal  Government  by  the  Collector,  Mr.  V.  G.  Taylor,  specimens 
licing  forwarded  for  examination  and  report  to  the  Superintendent  of  the 
Geological  Survey.     On  assay  these  yielded  52  oz.  8  dwts.  14  grs.  of 
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Bilver  to  the  ton  of  lead,— a  ferruymous  ^j^utisan  (or  /mcos)^  yieliliDg  3  oz. 
18  dwts.  9  grs.  to  tbe  ton.  No  account  of  the  extent  of  the  deposit  has 
been  pubUshe<1,  bat  judging  from  the  geologiciil  map,  it  is  not  impro- 
bable that  the  lode  or  pocket  is  connected  with  son^e  reefs  of  vein  quartz 
and  fault  rock  whicli  traverse  the  metamorphic  rocks  from  north-east  to 
south-west  in  that  vicinity.  As  a  ftu-ther  indication  of  the  position  of 
this  locality  it  may  be  stated  that  it  is  situated  7  miles  north -north-east 
of  Katuriya,  and  about  ^l  miles  to  the  north-east  of  Simaltollah  station 
on  the  chord  line. 

Monghyr  District :  Ohakai  Hills, — In  the  Chakai  par^na  galena 
containing  a  small  percentiige  of  silver  is  said  to  occur.'  Thisj  is  probably 
the  80m*ce  of  the  gurma,  which  Ls  said  to  be  sold  in  the  local  bazaai-s.  As 
there  is  no  precise  indication  of  the  locality,  it  is  perhaps  identical  with 
Wahabngh  or  Mahabank,  in  the  Hazaribagh  district,  as  the  mine  there 
is  just  on  the  boundary  and  coincides  with  the  position  of  the  Putro  river, 
lliia  is  in  lat.  24°  25' ;  long.  86°  25'. 

Kharakpue  Hills: — According  to  Captain  Sherwill,*  a  vein  of  oi  lj<mi- 
tiferous  galena  was  discovered  somewhere  at  the  base  of  these  bills  iit 
1847,  but  as  the  discovery  was  kept  secret  the  exact  locality  is  not 
known.  The  ore  on  assay  in  Calcutta  was  said  to  have  containe«l  much 
silver.  Red  lead  or  minium  is  rep)rtcd  to  have  been  obtaiued  from  the 
bed  of  some  stream  in  the  Kharakpur  hiU«. 

Chutia  Nagpur  Province. — In  the  province  of  Chutia  Nao^pnr 
lead  ores  have  been  found  in  the  following  districts  :  In  Maubhum 
at  Dhadka ;  in  Hazaribagh  at  Mahabank  or  Mahabagh,  Baragunda^ 
Mehandadi,  Barhamasia,  Nyatand?  Nawada,  Khesmi,  Mukmidganj, 
Parseya  and  Hisatu^  in  Lohaixlaga  at  Barikhap  and  Sili  ;  in  Sirguja  at 
Bhelounda  and  Chiraikund.  At  all  these  localities  the  rocks  in  whieU 
the  lodes  or  veins  occur  belong  to  the  metamorphic  series. 

Manbhum  District :  Dmadka,  Lat.  2^4^'  ;  Long.  80°  36'— Thi» 
name  has  been  given  to  indicate  the  position  of  deposit  of  galena  which 
was  discovered  in  the  year  1HC9.  Dhadka  has  been  chosen  as  it  is  a 
well-known  place,  about  40  miles  from  Purulia  and  65  miles  from 
Midnapur  vid  Silda,  but  a  more  precise  description  of  thelotsility  is  thot 
it  is  situated  iu  a  hill  of  mica  schist  cloBe  to  a  dih  called  Jani  Jor,  where 
there  is  an  outlying  house  of  the  village  of  Dekia,  about  1  mile  east  of 
Dha^lka. 

The  galena  was  found  to  exist  in  lenticular  masses  in  quarts  aiu] 
sometimes  in  a  ivgidar  ganguc  stone  of  brown  haematite  and  i|uartZj  in 

'  Stntintical  Account  of  nonjjnl.  Vol.  XV,  |i.  31. 
'  Juur.  Aa.  Soc.  Bi'U^,  Vol.  XXI,  |i.  306* 
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other  words  in  a  true  locle.  Recently  there  has  been  some  attempt  to 
test  the  extent  of  the  lode  which  was  first  brought  to  notice  by  eome 
Kumarsi  who  found  it  when  searching  for  iron  ore,  veins  of  which 
occur  in  the  samehili  The  first  samples  of  galena  which  were  obuinetl 
yielded  on  assay  119  oz.  4  dwts.  16  grains  of  silver  to  the  ton  of  lead, 
a  somewhat  exceptional  amount  Traces  of  antimony  were  also  not«d. 
Exploration  in  this  neighbourhood,  which  has  been  in  progroes  during 
the  present  year,  has  revealed  the  presence  of  one  or  more  distinct  deposits 
from  that  above  mentioned. 

The  following  analyses  are  by  Mr.  Pedler  : — 

Lead 

Silvor 

SiUpliur 

Copf»er  and  antimony  sutphideti     . 
Iron  and  zino       . 
Gangue        .... 
Moisture,  lo«»,  iic.        •        •        ■        - 


ou  ox. 

Tho  silver  iu  A  —  O0'92   per  ton  of  galena  or     76"34  per  ton  of  lead. 
„       „     ,,    B  — 80-99        ..  „  ,.     101'9 

A  sample  recently  assayed  by  Mr.  Mallet  contained  99  oz.  of  silver 
to  the  ton  of  lead. 

Hazaribagh  District:  M.iH.\nANK  or  Mahabagh,  Lat.  :i4.°  25'; 
Long.  86*^  25'. — On  the  Putro  river,  about  1  mile  north-north-west  of 
the  village  of  Mahabank,  and  about  the  same  distance  to  the  north-north- 
east of  Gulgo,  in  thePachamba  sub-division  of  liazaribaghj  Mr.  Mallet* 
describes  the  following  section — 

(a) .  Hornblende  schist  overlaid  by — 

{/j).  Largely  crystalline  white  limestone  containing  scales  of  light 
green  mica  here  and  there ;  this  bed  is  about  6  feet  thick  s^nd 
is  covered  by — 
(e).  A  peculiar  mixture  of  garnet  and  ooccolitei  coutaiuing  traces  of 
gali-na  and  copper.  Id  places  the  two  minerals  are  well 
intermixed  ;  in  others  the  garnet  occurs  in  a  pure  mast^ivo 
form  (so  called  calderite)  only  a  few  feet  of  this  rock  (c)  is 
seen. 


A 

B 

79-68 

79-4« 

()-17 

*aa6 

12'33 

2-324 
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o-iw 
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2-86 

0.69 

00* 

... 

'   IJccnnb,  G.  S.  I.,  Vol.  Ill,  p.  7*. 
'  yrfaw,  Vol.  VII.p.  34. 
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Specks  of  copper  pyrites  and  zinc  blende  were  observed  in  the  last 
named  roek,  and  on  the  north  bank  of  the  river  the  beds  are  cut  through 
by  a  nearly  vertical  granite  vein  which  contained  galena.  The  limestone 
appeared  to  be  in  useful  quantity. 

Darings  the  past  year  (1880)  this  deposit  was  opened  out  and  some 
very  fine  specimens  of  argentiferous  galena  with  copper  pyrites  and  zinc 
blende  were  obtained.  A  Company  was  formed  m  Bombay,  bearing  the 
title  "Imperial  Silver  Lead  Mining  Company,  Limited,"  with  a  capital  of 
Rs.  6,00,000,  having  for  Ob  declared  object  the  development  of  these  ores- 
Owing  to  the  promoters  having  absconded  and  other  circumstances  of 
too  recent  and  current  a  nature  to  be  treated  here  as  matter  suitable  for 
historical  comment,  the  Company's  operations  have  been  in  abeyance,  and 
there  is  no  further  information  available  as  to  the  extent  of  the  deposit. 

Babagcnda,  Lat.  Si'  4'  3";  Long.  86*^  7'. — In  the  course  of  8om« 
recent  excavations  which  have  been  made  at  the  copper  mines  at  this 
locality  galena  has  been  obtained. 

Mehandadi,  Lat.  24"  22' 30*;  Long.  86°  20'.— Loose  fragments 
of  lead  ore  (cenissite)  were  obtained  on  the  surface,  a  short  distance  to 
the  east  of  Mehandadi,  according  to  Mr.  Mallet.'  The  nature  of  the 
source  from  whence  they  were  derived  is  not  known,  as  ground  had  not 
been  broken,     Mehandadi  is  about  6  miles  to  south-west  of  Mahabagh. 

BaBHAMasia,  Lat.  2t°20';  Long.  86""  18'. — Similar  fragments  are 
alluded  to  by  Mr.  Mallet  [I.e.)  as  having  been  found  at  Barhamasia, 
about  3^  miles  south -so  nth-east  of  Mehandadi,  A  specimen  of  eerussiU;, 
forwarded  by  Mr.  G.  Peppe  from  this  locality,  yielded  on  assay  by 
Mr,  Tween  86*52  per  cent,  of  lead,  but  no  silver. 

Nyatand,  Lat.  24°iJ0';  Long.  85°  45'.— Under  the  name  Lat, 
Captain  Sherwill,  in  his  geological  map  of  Bengal,  indicates  a  lead  mine 
which  was  probably  in  the  vicinity  of  the  village  of  Nyatand.  The 
name  Lat  is  not  to  be  foimd  on  modern  maps.  No  particulars  aj>pear 
to  have  been  placed  on  record  in  reference  to  this  mine. 

Khesmi,  Lat.  24^25';  Long.  84^  45' 60".— Similar  fragments  to 
those  at  Barhamasia  were  found  here  and  at — 

Nawwada,  Lat.  24^  25'  25";  Long.  84^  45'  12". 

MuKiNDGANJ,  Lat.  23°  57';  Long.  85"  25'  S0\— There  are  two 
references  to  the  existence  of  a  lead  mine  in  a  hill  close  to  a  village  with 
the  above  name  which  is  situated  about  3  miles  south  of  the  cantonments 
s>i  llazaribagh.     The  lirst  is  by  Surgeon  P.  Breton'  and  the  second  is 


*  Reconl.1.  O.  R  f..  Vol.  VII.  p.  36. 
^  Mwl'uiil  Ti>iM>gnn)liv  of  Bouigurli,  8ui^c»ojii,  Ac, 
Cuictttiu,  Vol.  U>  11.  2GL 
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m  a  letter  addressed  to  the  Coal  Committee  by  Surgeon  DrummoncL* 
The  exact  poeition  of  this  mine,  if  it  ever  existed,  appears  to  have 
heen  forgotten. 

Paeseya,  Lat.  24°  10';  Long.  85°  61'. — During  the  past  year  somo 
large  rolled  masses  of  vein  stuff  with  lead  ore,  principally  galena,  were, 
during  the  rains,  washed  out  of  the  alluvium  on  the  bank  of  the  river 
near  Parseya.  Mr.  Hewitt,  Commissioner  of  Chutin  Nagpur,  who  has 
kindly  supplied  information  upon  this  and  several  other  mineral  di^posits 
in  his  division,  st*ites  that  these  masses  of  ore  had  mueh  the  appearance 
of  being  only  the  residuum  of  an  original  vein  or  pocket,  the  matrix  of 
which  had  been  washed  away.    No  trace  of  the  ore  in  situ  could  be  found. 

HiSATu,  Lat.  2;i''59'30'';  Long.  S5^  3' 80\— The  lead  ore  of  this 
locality  is  first  mentioned  in  a  letter  from  Messrs.  Mutte  and  Fanpihar, 
addressed  to  Warren  Hastings  and  the  Council,  dat^-d  Calcutta,  1777. 
The  ore  they  state  had  been  analysed,  and  that  it  consisted  of  te;ui  and 
not  of  antimony.  They  applied  for  permission  to  work  it,  and  at  the 
same  time  certain  iron  mines,  as  will  elsewhere  be  described  in  this 
volume.     (Chap.  VHL) 

It  is  again  referred  to  in  a  letter  to  Government  from  Mr.  Kamiis, 
the  Collector  of  Raragarh,  who  describes^  it  as  l>eing  situated  at  See<li- 
pore  (Sidpa  of  the  map),  in  the  pargana  of  Colramporc,  about  8  co9t 
south  of  Chattni.  Some  attempt  was  made  at  mining;  the  ore  had 
previously  been  supposed  by  the  Raja  to  be  of  surma  or  antimony, 
not  of  lead.  In  the  Statistical  Account  of  Bengal,  it  is  stated  that 
towards  the  end  of  last  century  the  mine  was  worked  for  antimony  (?) 
for  13  years,  but  was  abandoned  on  account  of  a  dispute  between  the 
partners.  No  further  notice  appears  to  have  been  taken  of  it  till  the 
year  1842,  when  it  was  re-discovered  by  Colonel  Ouseley. 

On  the  first  samples  forwarded  by  him  to  the  Asiatic  Society 
Mr.  Piddington  reported*  that  50(1  grains  of  average  ore  contained 
1  grain  of  silver,  the  equivalent  of  which  he  estimates  at  70  ounces 
to  the  ton  of  ore.  A  subsequent  assay,  however,  yielded  only  a  trace 
of  silver.  Colonel  Ouseley  stated  that  the  ore  is  abundant,  in  reference 
to  which  Mr.  Piddington  pointed  out  the  necessity  of  testing  the  extent 
of  the  deposit  before  any  opinion  could  be  formed.*  Some  action 
appears  to  have  been  taken  in  order  to  carry  out  this  a<lvice,  as  a  fine 
set  of  specimens  of  galena  were  received   by   the   Asiatic   Society  in 
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the  year  1845,'  and  in  the  following  year*  Mr.  Piddin^ton  ptilillshed 
a  report  on  them,  in  which  he  states  that  he  failed  altogether  in  finding 
any  trace  of  silver  or  arsenic,  but  that  copper  was  present.  The  follow- 
tog  result  was  obtained  from  several  analyses  of  picked  and  pure  ore  i— 


Wjiter  (hygrometric) 

Sulphuret  of  lead  (^ving  metallic  lead  47*2) 

Sulphnret  of  antimony  (giving  met&Ilic  antimtmy  12'2)    . 

Oxide  of  iron    .....      4r)0 1 

Silicate  of  iron  (P)     .  .    21-50  j 

B»muth  trace 

Lops  -  .  .  , 


2-60 
64-oO 
17'CK) 

25-50 


lOOO 


The  silicate  of  iron  in  this  analysis  is,  to  say  the  least,  remarkable. 
This  and  some  other  analyses  by  the  same  chemist  are,  it  is  to  !:>€  feared, 
not  quite  trustworthy. 

At  the  present  day  the  old  excavations  and  the  debris  so  obscure  the 
ont<jrop  that,  wthout  clearing  the  ground,  it  would  be  impossible  to 
form  any  opinion  as  to  the  precise  nature  of  the  deposit,  wliether  it  is 
a  true  lode  or  merely  a  pocket.  The  neighbourittg  rocks  are  gneiss  with 
micaceous  and  hornblendic  sehists. 

^ir.  J.  Donaldson,  in  a  report  <m  the  iron  ores  of  Hazaribsgh,  men- 
tions that  an  old  revenue  map  indicates  the  presence  of  a  lead  mine 
near  the  vilhige  of  Murpa.  Since  this  village  is  situated  in  the  middle 
of  the  Raniganj  sandstones  of  the  Karanpura  field,  it  is  not  surprising 
that  he  failetl  to  find  any  traces  of  ore  there. 

Lohardagga  District:  Barikhap,  Lat.  24"  20' 80";  Long.  85*' 
15'  20'. — Close  to  a  village  of  the  above  name,  which  is  about  3  miles 
north  of  Balumath,  rolled  fragments  of  galena,  partly  converted  into 
eeniseite,  have  been  obtained,^  The  rocks  of  the  vicinity  belong  to 
the  metamorphic  series. 

SiLi,  Lat.  2JJ^  22'  30" ;  Long.  85°  54'.— Specimens  similar  to  the 
above  were  obtained  by  Mr.  F.  Linde  close  to  Sili,  on  the  Subanareklia, 
samples  of  which  are  now  in  the  Geological  Museum^  but  no  further 
particulars  have  as  yet  been  ascertained. 

Sirguja  State:  Bheuounda,  Lat.  23"  5£'  30";  Long.  83^'  18'  30\— 
Specimens  of  galena  fi*om  a  hill  called  Puttia,  near  the  village  of  Pelowa^ 
in  the  Ramkola  zemindary,  were  forwarded  to  the  Government  in  the 

•  Jonr.  Ab.  Soo.  Bengnl,  Vol.  XIV.  y.  61. 
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year  1866  by  Colonel  DalU^n,'  in  oi^er  that  an  assay  might  !»  made 
From  the  orip!:inal  mantiscript  it  ap|)ears  that  this  locality,  which  was  oiily 
knowQ  from  native  report^  was  situated  about  24  miles  north  of  Pertalj- 
pnr,  80  that  it  correspond*  with  Bhelounda  of  the  maps,  which  is,  however, 
not  in  Ramkola  but  in  Pal,  an  adjoining  (uppeh.  Tlie  mcks  of  thin 
neighbourhood  are  similar  ^anitic  gneisses  to  those  at  Chcraikiuid,  and 
they  lie  on  about  the  same  east  and  west  strike. 

The  specimens  of  fi^alena  forwarded  by  Colonel  Daltim  yielded  a 
trace  of  silver.  The  clean  ore,  it  was  stated,  would  be  worth  from  £12 
to  £13  per  ton.  An  attempt  to  work  the  mine,  by  whom  it  is  not  stated, 
proving  unprofitable,  it  was  abandoned. 

ChirAikund,  Lat.  23°  5:3 ;  Lon^^.  82°  52*. — About  1  \  miles  to  the  south* 
west  of  the  village  of  Chiraikund,  in  the  Ramkola  zemindary,  district 
of  Sirguja,  and  not  far  from  the  south-west  l>oundary  of  Mirzapur,  there 
is  an  abandoned  lead  mine  which  was  formerly  worked  by  a  Mr.  Burke. 

Mr.  Mallet*  describes  the  ore  as  apparently  occurring  in  two 
pockets  in  a  light  grey  horny  qnartzite  which  runs  parallel  to  the  sur- 
rounding gneiss.  Sparsely  disseminated  galena  was  found  in  tlie  quaKzite, 
but  there  were  no  indications  of  the  existence  of  a  true  lode.  Small 
crystals  of  cerussite  were  observed,  but  there  were  no  traces  of  antimony. 

Central  Provinces. — In  the  Central  Provinces  lead  ores  have  Wen 
found  in  the  following  district* :  In  Sambalpur  at  Talpuchia,  Jhunan 
and  Padampur ;  in  Raipur  at  Chieholi;  in  Nagpur  at  Nimbha;  in  Jab- 
balpur  at  Sleemanabad ;  and  in  Hoshangabad  at  Joga. 

With  two  exceptions  Uiese  deposits  occur  in  the  metamorphic  rocks. 
These  are  Padampur,  where  the  matrix  is  a  limestone  belonging  to  the 
Vindhyan  (Karnul)  serif's  of  the  Mahanadi  basin,  and  Joga,  where 
the  naatrix  is  a  band  of  Bijawar  (lower  transition)  limeMtone. 

Sambalpur  Difitrict:  Talpuchia,  Lat.  21°  66';  Long.  84**  5'.— 
South  of  the  village  of  Talpuchia,  on  the  Ebe  river,  about  3<l  miles  north 
of  Sambalpur,  some  rolled  pebbles,  consisting  of  a  mixture  of  the  oxides 
and  carbonates  of  lead,  were  found  lying  on  the  surface.  Whence  they 
came  originally  is  uncertain,  but  it  is  possible  that  they  may  have  Ikjen 
derived  from  a  small  hill  north  of  Talpuchia  which  consists  of  fault 
rock  and  gossan,  and  where  excavation^  may  possibly  prove  the  existence 
of  a  lode.     These  specimens  yielded  87*28  per  cent,  of  metallic  lead. 

JnuNAN,  Lat  21°  82'  30';  Long.  S3^  55'.— The  existence  of  a 
deposit  of  galena  on  the  banks  of  the  Mahanadi^  near  Jhuuan,  about 

'  Jonr.  A*.  Soc.  Bengal,  Vol.  XXXIV,  p.  48. 
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II  miles  north-west  of  Siimbalpur,  was  known  by  local  trudition,  bnt 
the  exact  spot  was  uncerlain  till  the  year  1874*  when  by  cuttrng  some 
trenches  at  right  angles  to  the  strike  of  the  granitic  rocks,  exposed  on 
the  banks  of  the  river,  a  true  lode  containing  galena,  with  traces  of 
ores  of  antimony  and  copi>er,  was  laid  bare.  Lead  smelted  from  this 
galena  yielded  on  assay  12  oz.  5  dxvts.  of  silver  to  the  ton.  The  lode, 
where  it  was  oi)ened  np,  had  a  width  of  from  16  to  19  inches.  The 
strike  was  from  35°  north  of  west  to  Sb°  south  of  east,  with  an  underlie 
of  4y*  to  35°  east  of  north,  that  of  the  surrounding  Foeks  being  in 
places  60°.  The  gangue  consists  of  qnartz  which  is  permeated  in  every 
direction  by  nests  and  stiings  of  galena,  but  in  places  massive  ore 
stretches  from  wall  to  wall  of  the  lode. 

In  the  year  1875  an  excavation  was  made  with  a  view  of  tracing  the 
ore  inland  from  the  bank  of  the  river,  but,  owing  to  the  depth  of  the  allu- 
vial covering,  the  rocks  were  not  cleared  sufficiently  to  render  it  certain 
whether  the  Iwle  continued  or  bad  died  out.  There  being  no  one  on 
the  spot  capable  of  carrying  on  the  operations,  the  work  was  shoilly 
afterwards  suspended. 

Padampur,  Lat.  21°  45';  Long.  83°  87'  30\--In  the  bed  of  the 
Mahanadi,  near  the  village  of  Padampur,  some  scattered  nests  and 
strings  of  galena  occur  in  a  limestone  of  the  lower  Vindhyan  series. 
These  indications  do  not  point  to  the  probable  existence  of  a  sufficient 
quantity  of  ore  to  be  of  economic  importance.* 

Baipur  District :  Chicholt,  Lat.  2  T  5' ;  Long.  80'  41'.— This  name 
is  retained  merely  to  avoid  confusion,  but  it  is  rather  a  misnomer,  since 
the  locality  where  the  lode  occui's  is  situated  about  3  miles  to  the 
west  of  Chicholi,  on  the  Raipur  and  Nagpur  road,  and  close  to  the  village 
of  Ranitalao. 

The  discovery  of  galena  was  first  made  in  the  year  1868,  by  some 
stone-breakers  who  were  employed  in  preparing  road  metal  on  a  well- 
defined  ridge  of  quartz,  which,  striking  north  and  south,  crosses  the  road 
at  the  point  above  indicated.  Soon  after,  it  was  visited  by  Mr.  R.B.  Smart 
of  the  Revenue  Survey,  who  prepared  a  special  map  of  the  locality,  and 
wrote  a  memorandum  on  the  appearance  presented  by  the  deposit.  Dur- 
ing the  same  year  specimens  of  the  ore,  which  were  forwarded  by  Cap- 
tain Twyford,  Deputy  Commissioner  of  Raipur,  proved  on  examinati<»n 
to  conUiin  galena  in  association  with  floor  spar  in  a  matrix  of  tpiart^t. 
The  galena  was  found  to  contain  a  small  quantity  of  silver,  but  no 
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aotimony  was  present.'  Specimens  which  were  subsequently  examined 
yielded  9  oz.  19  dwte.  and  6  grains  of  eilvor  to  the  ton  of  lead. 

In  the  year  1870,  the  locality  was  visited  by  Mr,  W.  T.  Blanford,* 
who  has  described  it  as  follows.  The  ore  occurs  in  a  well-marked  vein, 
composed  of  quartz,  which  traverses  the  raetamorphic  rocks,  consisting  of 
granite  or  granitoid  gneiss  and  hornblende  schist  passing  int<j  diorite. 
Besides  quartz  the  vein  contains  pink  felspar  in  considerable  quantities, 
green  and  purple  fluorspar,  epidote,  and  traces  of  the  carbonates  of 
copper. 

The  direction  of  the  vein  or  lode  is  north  10^  east,  south  10*  west ;  it 
forms  a  series  of  ridges  some  100  feet  above  the  surface  ;  in  width  it  varies 
a  good  deal,  being  in  places  as  much  as  SO  feet,  from  which  it  thins  down 
till  it  forms  a  mere  walUliko  ridgo.  The  galena  seen  was  very  thinly 
disseminated  through  this,  but  Mr.  Blanford  considered  that  this  appear- 
ance  was  not  inconsistent  with  a  more  abundant  supply. 

Mr.  Blanford  mentions  the  occurrence  of  two  irregularly  parallel 
veins  of  quartz,  15  miles  further  east,  at  Waraband.  These  were  subse- 
quently visited  by  the  writer,'*  who  found  traces  of  the  cop()cr  car- 
bonates in  one  of  them,  which  is  north  of  the  dcLk  bungalow  at  Waraband. 
The  other  is  coincident  in  direction  with  a  probably  faulted  junction 
boundary  of  the  crystalline  rocks  and  the  lower  Vindhyans  of  the 
Chatisgarh  basin.  It  seems  not  improbable  that  certain  quartz  reefs, 
which  traverse  the  road  west  of  Chicholi,  close  to  the  Bagh  rivei*,  and 
l>eyond  it,  are  of  the  same  age  as  the  above,  as  they  present  very 
similar  characters;  whether  they  include  mineral  lodes  is  a  suitable  sub- 
ject for  future  investigation. 

Jabalpur  District :  Sleemanabad,  Lat.  23^  3S' ;  Long.  80"  19'. — 
Some  traces  of  galena  were  discovered  here  by  Mr.  W.  O.  Olpherts  in  a 
bed  of  quart  zite  of  Bijawar  age.  The  locality  was  subsequently  visited 
by  Mr.  Hughes,*  who  could  not  see  any  indication  of  the  existence  of 
a  true  lode,  as  has  already  been  mentioned  in  reference  to  the  copper.  The 
galena  was  somewhat  sparingly  disseminated  in  the  rock.  On  assay 
it  was  found  to  contain  19  oz.  12  dwts.  of  silver  to  the  ton  of  lead. 

Hoshangabad  District :  Jooa,  Lat.  22"^  24';  Long.  66^  51'.— 
Some  old  mines  situated  near  Joga,  on  the  Narbada,  in  the  district 
of  Hoshangabad,  and  which  are  known  locally  as  the  Chandi  khadan 
or  silver  mines,  have  recently  been  described  by  Mr.  G.  J,  Nicholls, 

>  Reconlf.  0.  S,  I.  Vol.  I.,  p.  37;  »ad  Vol.  II,  p.  101. 
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Commissioner  of  Excise.  *  The  excavations  are  id  two  pamllel  series  on 
a  band  of  Bijawar  limestone.  TIjo  more  nortlicrn  of  these  extends  con- 
tinuously for  a  distance  of  about  half  a  mile ;  the  depth  averages  25  feet 
and  the  width  15  feet.  The  southern  series  is  250  yards  distant ;  all 
along  it  the  excavations  are  narrower  and  deeper,  but  are  not  continuous, 
and  their  appearance  sug-^ested  that  parallel  and  intersecting  lodes  or 
leaders  had  l>een  followed. 

The  samples  forwarded  to  the  Geological  Survey  Museum  did  not 
indicate  the  presence  of  a  true  lode.  The  galena  appeared  to  be  scantily 
disseminated  through  the  limestone  and  chort,  the  percentage  of  ore  to 
gangue  being  very  small,  but  they  were  only  taken  from  the  debris 
lying  on  the  surface. 

Silver  exists  in  the  galena,  according  to  Mr.  Mallet,  to  the  extent  of  21 
ounces  to  the  ton  of  lead.  But  this  hardly  entitles  the  mines  to  be  called 
silver  rather  than  lead  mines. 

Nagpur  District:  Nimbra,  Lat.  21°  24';  Long.  79°  9'  SO'.— At 
Nima  or  Nimbha  of  modern  maps,  about  17  miles  north  of  the  town 
of  Nagpur,  Captain  Jenkins  describes*  the  occurrence  of  loose  boulders 
of  galena  on  some  small  hills  in  the  neighbourhood.  The  source  from 
whence  these  were  derived  does  not  appear  to  have  been  yet  ascertained. 

Rewah  and  Bundelkhand. — The  only  localities  in  Rewah  and 
Bundclkljand,  where  lead  ores  have  been  mot  with,  are  at  Burgowa  in  tiie 
former  and  near  Seonhra  and  Jhansi  in  the  latter, 

BuRCxOWA,  Lat.  24°  22' j  Long.  82°  31'.— In  the  year  1870  some 
samples  of  galena,  stated  to  l>e  from  near  the  village  of  Burgowa,  10 
miles  south  of  Burdi  pargana,  were  forwarded  to  the  Su{>erinteudent  of 
tlic  Geological  Survey  for  examination. 

Two  samples  yielded  respectively  8  oz.  6  dwts.  l^  grs.  and  5  oz. 
4  dwts.  12  grs.  of  silver  to  the  ton  of  lead.  Burgowa  is  on  crystalline  or 
metamorphic  rocks,  not  impossibly  of  the  Bhelounda  and  Chiraikund 
horizon,  which  has  been  alluded  to  above,  though  nearly  half  a  degree 
north  of  the  east  and  west  line  connecting  them. 

At  the  same  time  specimens  were  also  forwarded  from  a  locality  said  to 
be  close  to  the  Mirzapur  frontier;  this  may  have  been  Chiraikund.  These 
contained  silver  in  the  proportion  of  7  oz.  7  dwts.  to  the  ton  of  lead. 

Captain  Pearsou^  refers  to  the  discovery  of  a  silver  mine  somewhere 
east  of  Sohagpur,  and  which  was  being  worked  by  the  llaja  of  Rewah  in 
1860.     Possibly  the  story  referred  to  one  of  these  galena  localities, 

'  Rocorda,  O.  8. 1.,  VoL  XII,  p.  174. 
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Seonhra,  Lat,  26°  12';  Loti^.  78°  51'  80\— Three  miles  north- 
north-east  of  Seonhra,  in  the  Dattiah  territory,  the  existence  of  leiul  ore 
wasjbroaght  to  notice  by  Captain  J.  Bailie.  It  has  since  been  visited  by 
other  local  officials,  and  by  the  late  Mr.  W.  L.  Willson,  who  considered 
that  the  ore  is  abundant ;  it  occurs  in  a  vein  associated  with  quarts 
in  the  Par  sandstones.  S|)ecimens  now  in  the  Museum  contain  both 
galena  and  cerussite. 

Jhanbi  Cantoxhents,  Lat.  25°  26';  Lon^r.  78*  89*  SO*'.— Specimen* 
of  galena,  forwarded  by  Mr.  B.  W.  Col  v  in,  Commissioner  of  Jhaneri,  and 
which  were  found  on  the  bankgof  a  small  stream  in  cantonments,  yielded 
on  assay  19  oz.  12  dwts.  of  silver  to  the  ton  of  lead.  The  extent  and 
nature  of  this  deposit  is  not  known. 

Rajputana. — In  Ajmir,  Alwar,  and  Udepur  galena  occurs  and  has 
been  mined  for.  As  will  be  seen  the  mine  at  the  Taragarh  hill  in  Ajmir 
was  of  considerable  extent;  the  others  were  of  less  importance. 

Ajmir:  Tahaoakh  Hir.L,Lat.  26^28' ;  Long.  74''4r30'  (A.  S.  34). 
— The  most  important  deposit  of  lead  ores  in  Ajmir  territory  is  situated 
close  to  the  city  of  Ajmir,  at  the  foot  of  the  Taragarh  bill.  The  mines,  of 
which  there  are  considerable  traces  still  existing,  were  farmed  by  the 
Mahrattas  for  Re.  5,000  yearly,  the  miners  refceiving  three-fourths  of  the 
value  of  the  outturn  to  cover  all  their  exjienses.'  In  the  year  ISSO  the 
mines  were  visited  and  dcscril)ed  by  Captain  Dixon,*  who  states  that  they 
had  the  appearance  of  having  been  in  operation  for  many  centuries.  From 
Captain  Dixon's  account  it  would  appear  thjit  the  ores  were  of  three 
classes,  namely  oxides,  carbonates,  and  sulphides.  The  last  mentioned, 
when  in  the  form  of  galena  crystals,  was  sold  for  turma  for  anointing 
the  eyes.     True  surma  or  antimony  is  also  mentioned  as  occurring. 

It  is  stated  that  the  final  closing  of  the  Ajmir  mines  was  due  to  the 
mutiny,  and  an  anxiety  on  the  part  of  the  authorities  to  make  lead  for 
bullets  scarce. 

According  to  Mr.  Hacket,''  the  ore  occurs  in  a  number  of  small 
roughly  parallel  veins  running  through  a  quart zite  of  sub-metamorphic 
or  upper  transition  age  in  nearly  the  same  direction  as  the  strike  of  the 
rocks.  Captain  Dixon  gives  a  very  interesting  account  of  the  method 
of  mining,  which  is  too  long  for  reproduction  here.  He  mentions 
the  occurrence  of  leaders  from  the  different  veins  as  interlacing  and 
crossing  one  another  so  that  the  deposit  seems  to  be  a  congeries  of  true 
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lodes.  The  passages  followed  the  courses  of  these  lodes,  and  were  only 
lar^e  enongh  to  permit  of  the  miners  crawling  through  them.  The  ore 
and  rubhish  was  brought  to  the  surface  by  a  most  tedious  process,  baskets 
containing  them  being  passed  from  hand  to  hand  by  a  number  of  coolies 
seated  within  reaching  distance  of  one  another. 

The  preparation  for  smelting  consisted  in  crushing  the  ore  from  ita 
matrix  by  beating  it  with  wooden  clubs,  after  which  it  was  thrown  down 
the  slope  of  the  hill  to  free  it  from  extraneous  matter.  It  was  then  collected 
and  washed  by  hand  in  conical  wooden  tubs,  and  was  then  kneaded  up 
with  equal  weights  of  cowdung  into  lumps  of  the  size  of  a  pigeon's 
egg.  When  dried  it  was  ready  for  the  furnace,  a  simple  structure  of 
clay,  3  feet  high,  with  an  upper  internal  diameter  of  1 1  inches  and  a 
lower  one  of  10  inches;  three  clay  twyeres  were  luted  into  the  base  and 
served  to  communicate  the  blast  from  three  pairs  of  bellows.  Owing  to 
the  presence  of  the  cowdung  the  quantity  of  charcoal  fuel  required  to  smelt 
the  ore  was  comparatively  small,  the  proportion  being  from  50  to  75  per 
cent,  to  the  weight  of  fused  metal.  Each  furnace  turned  out  from  2  to 
3  cwts.  of  metal  daily.  The  worst  ores  yielded  31  per  cent.,  the  best  50 
to  58  per  cent.,  and  the  average  40  per  cent. 

Mr.  Hacket  has  pointed  out  that  a  considerable  discrepancy  exists  in 
the  accounts  as  to  the  amount  of  the  outturn  of  metallic  lead.  Captain 
Dixon  placed  it  at  about  850  cwt.  per  annum  in  1880,  but  though  at- 
tempts were  made  to  improve  the  mining  by  more  systematic  draining  no 
permanent  improvement  appears  to  have  been  produced.  On  the  other 
hand,  it  is  stated  in  the  local  gazetteer  and  the  settlement  report  that  in 
the  year  1818,  the  first  Superintendent  of  Ajmir,  Mr.  Wilder,  took  the 
mines  under  his  own  direct  management,  and  that  they  then  pi*oduced  from 
10,000  to  12,000  maunds  of  lead,  t.  e.  6,800  to  8,100  cwts.,  which  was  sold 
at  Rs.  11  per  maund.  It  may  be,  however,  that  these  two  estimates  refer 
to  different  periods,  though  Captain  Dixon  does  not  imply  that  there 
bad  been  any  falling  off. 

In  184.6,  owing  to  the  Ajmir  magazine  ceasing  to  take  the  metal,  the 
mines  were  closed.  Though  considered  to  be  purer  than  English  com- 
mercial lead,  it  could  not  compete  with  it  even  at  Agra,  owing  to  its  cost 
being  Rs.  16  a  maund  or  one-eighth  dearer  than  English  lead. 

Descendents  of  the  miners  still  live  in  Ajmir,  but  the  consumption 
of  lead,  which  was  great  in  troublous  times,  has  now  so  fallen  that,  except 
the  opening  of  the  railway  should  enable  it  to  be  exported  to  other  marts, 
there  is  no  prosy>ect  of  its  being  opened. 

None  of  the  accounts  mention  silver  as  occurring  in  this  ore.  The 
process  of  extraction  was  possibly  not  known  to  the  miners. 
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Ganesupuil\,  Lat.  20"^'  1';  Long.  74f'  42'  30"  (A.  S,,  3 ^).— Near  a 
villag^c  of  the  above  name,  which  is  situated  about  30  miles  south  of 
Ajmir,  a  smidl  quantity  of  lead  ore  has  been  extracted  aecordiug  to 
Mr.  Hacfcet.' 

Alwar :  Jodawas,  Lat.  27°  21'  30";  Long.  7^  23'  30"  (A.  8.,  50).— 
At  Jodawas,  in  Thanna  Gbazi,  in  Alwar  territory,  there  are  acoitling  to 
Mr.  Ilacket  [l.  c.)  long  open  cuttiugs,  20  to  30  feet  deep,  from  whence 
it  is  believed  that  considerable  quantities  of  lead  ores  were  extracted. 
According  to  the  Alwar  Gazetteer  *  these  mines  have  recently  been  re- 
opened, aiid  the  ore,  which  is  galena,  was  found  by  Colonel  Dickens  to 
contain  1  per  cent,  of  silver  and  80  |)er  cent,  of  lead.  The  name  of 
this  locality  is  misprinted  Indawjis  in  Mr.  Hacket's  ac(X)uut. 

Gudha,  Lat.  27^  21'  30";  Long.  70° 40'  80^  (A.  S.,  50).— At  Gudha, 
also  in  thanna  Ghazi,  Mr.  Ilacket  says  (/.  <r.)  that  a  small  pocket  of 
lead  ore  was  discovered,  which,  on  being  worked,  was  found  to  die  out 
in  every  direction. 

Udepur  State:  Jawur,  Lat.  24°  21';  Long.  73*^  45'.— In  the 
niiaes  at  Jawui-  or  Zawar,  south  of  Udepur,  which  are  principally  famous 
for  their  zinc,  galena  has  also  been  found.  A  8anii)le  assayed  by  Mr. 
Tween  yielded  silver  in  the  proportion  of  10  oz.  12  dwts.  8  grs.  to 
the  ton  of  lead.  These  mines  were  closed  io  the  time  of  the  great 
famine  of  1812-13. 

Bombay :  Panch  Mahals  District  in  Gujarat :  Jubhan,  and 
Kmandelav  lake. — These  two  localities  are  given  under  the  heading  of 
Panch  Mahals  as  having  produced  galena  ;  that  from  the  former  contained 
silver  in  the  proportion  of  5  oz.  to  the  ton  of  lead.  Specimens  of  the 
ore,  as  it  occurred,  yielded  58*91  per  cent,  of  metallic  lead.  No  attempt 
to  work  the  mines  has  been  made  since  1874 ;  and,  apparently,  no 
authentic  information  as  to  the  nature  or  extent  of  the  deposit  is  avail> 
able.^  The  Khandelav  lake  is  situated  in  the  Jambugbora  State,  in 
Narukot. 

Balochistan  and  A^hanistan. — In  the  former  country  there  arc 
ancient  lead  mines  at  Sekran,  which  are  of  considerable  extent,  but  are 
now  deserted,  it  is  l>elieved.  In  Afghanistan  at  Peringal,  and  in  Charduh, 
Uiere  are  mines  evidencing  a  I'emarkable  degree  of  mining  skill.  It  is  not 
at  all  probable  that  the  list  which  follows  includes  all  the  localities  where 
lead  ore  occura  in  these  countries,  but  this  is  a  necessary  consequence  of 
our  limited  knowledge  of  the  geology  of  Afghanistan. 

'  IUvon!«.  0.  S.  I.,  Vol.  Xlll,  p.  248. 

*  VAi:v  83. 

*  UvutUi  Qaxettccr.  Vol.  Ill,  p.  197. 
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Balochistan:  Bbyla,  Lat.  26"^^  14,';  Long.  60-  20'.— S])eciuiens  of 
lead  and  antimony  ores  were  forwarded  to  the  Bombay  Gcograpliieul 
Society  by  Captain  Boyd,'  who  stated  that  they  were  found  in  greatest 
quantity  from  Kote  Jiim-ke-Kot,  40  miles  west  of  Beyla.  Ores  ai*e  said 
to  be  washed  down  in  considerable  c|iiantities  from  the  Mhor  and  Pubb 
mountains. 

Sbkran,  Lat.  27°  48' j  Long.  66^  24'.— In  Mr.  A.  W.  Hughes'  work 
on  Balochistan,  an  account  by  Dr.  Cook  of  the  lead  mines  at  Sekron  will 
be  found. ^ 

Sekron  is  situated  about  12  miles  west  of  Kozdar,  in  the  province  of 
Jhalawan.  The  mines  are  described  as  being  very  extensive,  but  are 
now  deserted,  and  Dr.  Cooke  experienced  much  difficulty  in  crawling 
through  the  tortuous  passages  where  bones  of  various  animals,  which 
had  l>een  brought  in  by  hyaenas,  were  strewn  about.  The  mine  is  re- 
garded with  superstitious  dread  by  the  Brahuis  of  the  neighbourhood, 
who  merely  break  off  portions  of  the  rock  from  other  hill  sides  and  manu- 
facture the  lead  and  antimony  os  required.  Mr,  Mason,  who  refers  to 
these  mines,  says  that  20(1  men  were  constantly  employed  in  extract- 
ing the  ore ;  vast  quantities  of  slag  lying  about  on  the  surface  testify  to 
the  former  extent  of  the  industry.  Some  ore  was  smelted  in  simple  open 
furnaces  by  the  Martlui  tribe  of  the  Bi-ahuis  for  Dr.  Cooke.  The  rocks, 
including  the  ore,  evidently  from  his  description  are  cretaceous  limestone, 
and  from  his  mention  of  fragments  of  granite  being  seen  at  one  of  the 
entrances  of  the  shafts,  it  is  most  probable  that  here,  as  in  parts  of 
Afghanistan,  the  occurrence  of  the  metalliferous  dei)08it  is  directly  con- 
nected with  the  intrusion  of  igneous  rocks  into  the  beds  of  cretaceous 
age.  Dr.  Cooke  says  that  in  one  place  the  rocks  resembled  an  altered 
claystone,  variously  mottled  and  containing  small  cavities  filled  with 
bright  red  and  yellow  ochres,  and  the  fractui*e  of  some  specimeuB  showed 
a  metallic  steel-grey  appearance  (galena?).  The  statement  that  the 
antimony  ores  are  smelted  perhaps  requires  further  confirmation. 

Major  George  Le  Mcssurier,  who  surveyed  the  route  from  Kelat  U) 
Sunmiani,  speaks*  of  the  antimony  at  the  Sekran  mines  occurring  iu 
crystals  of  an  inch  square  imbedded  in  black  vitrified  rock.     It  id  added 
that  the  lead  ore  found  was  of  inferior  quality  and  small  in  quantity 
The  so-culle*!  antimony  must  have  been  galena  if  it  occurred  in  cubes. 

Afghanistan  :  Feringal,  or  Fbinsal,  in  Chardkh,  Lat.  34^  45' i 
Long.  68*^  30'. — Under  the  above  name  an  extensive  but  deserted  Iea4 

'  Tmn*..  Bomb.  Qvo.  Soc,  VoL  II  (iaa&),  p.  204. 

*  "Tluj  Country  ..f  lUlnchisUwi :"  T^ndoa,  G.  B^ll  »im1  Sou»,  1877,  p.  81. 

*  Jour.,  Bouib.  Bnuicli,  Rojf.  Ai.  Soc.,  Vol.  II,  p.  10l». 
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mine  is  described  by  Dr.  Lord,'  who  was  in  the  year  1837  in  medical 
charge  of  the  Kabul  Mission.  It  is  situated  in  the  upi>er  part  of  the 
district  of  Chardeh,  about  30  miles  from  the  entrance  of  the  valley  of 
Ghorband,  on  the  side  of  hill  facing  the  east,  at  an  elevation  of  about  250 
feet  aljove  its  base.  The  hill  is  composed  of  conglomerates  and  quarta 
rock  with  a  schistose  layer  interposed. 

The  mine,  which  was  worked  in  the  time  of  the  Chagatais,  is  said  to  l)o 
wholly  in  the  conglomerates ;  this,  however,  is  probably  a  mistake ;  its  ex» 
tensive  nature  may  be  gathered  from  tlie  fact  that  the  ore  is  not  reached 
till  after  a  perpendicular  descent  of  100  feet,  and  a  total  lengtli  of 
galleries  of  half  an  English  mile  have  l>een  traversed. 

Dr.  Lord  states  that  the  shafts  and  galleries  show  a  most  surprising 
degree  of  mining  knowledge,  as  there  is  no  sign  of  the  ore  at  the  surface 
(l>u  the  side  of  the  hill,  where  the  entrance  to  the  mine  is  situated.  Nearly 
boure  were  spent  in  the  exploration  of  a  portion  of  this  wonderful 
mine,  aud  it  is  to  be  regretted  that  the  plan  of  the  works,  and  a  view  of 
one  of  the  chambers  by  Lieutenant  Leech,  which  Dr.  Lord  alludes 
to  as  affording  further  details,  were  not  published  with  the  pa|)er.  The 
ore  is  said  to  bo  an  extremely  rich  galena.  Other  localities  where  ores  of 
lead  occur,  mentioned  by  Dr.  Lord,  are  situated  in  the  valley  of  Kincbak, 
and  on  the  road  to  tha  Hiudukush,  under  the  village  of  Kashim. 

Lead  oi"€«  are  known  t6  occur  in  the  Hazara  districts,  in  Wardak, 
and  in  Shah  Muksood  and  Tirin. 

According  to  Captain  Hutton/  an  impure  kind  of  galena,  obtained  in 
the  last-mentioned  place,  is  sold  at  Kaudahar  to  paintere  and  potters  at 
the  rate  of  3  annas  a  seer.  Pure  galena  sells  at  12  annas  a  seer,  and 
when  purchased  and  cleaned  it  was  sold  as  «urmi,  so  called,  at  the  rate 
of  Rs.  5  txi  6  per  seer.  Manufactured  lead  from  the  above  mines  was 
sold  retail  at  11  to  12  annas  a  seer.  A  semi-vitrified  oxide  of  lead  was 
employed  as  a  imint  in  the  Afghan  Materia  Modica,  and  as  a  hair  dye. 

Argentiferous  galena  from  Hazara  is  exported  to  the  Punjab,  and  it 
is  also  apparently  manipulated  locally  by  some  process  which  enables  the 
silver  to  be  extracted. 

Puiyab. — In  the  Punjab  Himalayas  there  arc  a  number  of  localities, 
especially  in  the  Kulu  and  Simla  districts  and  the  Sirmur  State,  where 
lead  ores  occur,  and  which  have  in  some  cases  been  worked.  Tlie  argen- 
tiferous galena  of  Kulu,  or  the  Vazir-i-rupi,  lias  recently  attracted  some 
notice,  as  has  been  alluded  to   in  Chapter  IV, 


•  Jour..  A«.  Soc„  ncnjf»l.  Vi>l  HI,  ii.  633. 
»  Cul.  Jour..  Nat.  Uist.,  Vol.  VI,  j,.  S99. 
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KiiAGUL. — At  Khagul,  in  the  Ghari  Habibulla  jagir,  tahsil  Maii- 
sem,  dbtrict  of  Hazura,  a  small  4lef>08it  of  galena  was  laid  bare  by  a 
flood  in  the  year  1877.  The  locality  was  subsequently  visited  by  Mr, 
A.  B.  Wynne,  who  reported  that  tl»e  ore  occurred  in  two  neats  rather 
than  in  rejjular  veins,  in  some  grey  shining  metamoqihic  slates.  The 
gangue  was  of  quartz  and  gossan.  Mr,  Wynne's  opinion  was  that  the 
appearances  did  not  justify  any  belief  in  the  existence  of  a  valuable 
deposit.  The  ore  on  analyeis  of  the  first  samples  yielded  76  per  cent,  of 
lead  and  a  trace  of  silver.  Further  samples  received  afterwards  yielded  65 
per  cent,  of  lead  and  7  oz.  IS  dwts.  1 1  grains  of  silver  to  the  ton  of  lead. 

Samples  of  galena  from  Ugri  (Agrar)  in  Uazara,  obtained  by  Mr. 
W}Tine,  are  now  in  the  Museum.  They  occur  in  a  decomposed  schist  or 
trap,  very  sparsely  disseminated. 

Man.  or  Murree  District :  Bandi  Munim. — Some  galena  was  found 
in  the  year  1878  at  Bandi  Munim,  near  Gorini,  not  far  from  Mari, 
There  is  no  information  available  as  to  its  abundance. 

Kaeangli,  Lat.  32°  46' ;  Long.  73°  5'.— Both  Dr.  Fleming^  and  Mr. 
Wynne,'  in  their  reports  on  the  Salt-range,  mention  the  occurrence  of 
galena  in  small  nests  and  detached  crystals  in  a  dolomitic  sandy  rock  of 
carboniferous  age(?K  A  small  mine,  to  which  entrance  is  obtained  by  the 
branches  of  a  tree,  which  overhangs  the  escarpment,  is  worked  by  the 
natives,  who  dispose  of  it  at  the  rate  of  Rs.  4  or  5  per  tola  (this  must 
be  a  misprint  for  seer  or  £  lbs,')  to  be  employed  as  fturma  for  anointing* 
the  eyes.  In  '  Punjab  Products'  the  value  of  this  ore  is  said  to  be  from 
7  tolas  and  10  mashas  to  10  tolas  for  a  rupee. 

The  collection  of  galena  on  this  precipice  seems  to  be  like  the  sam- 
phire gatherers,  a  '*  dangerous  trade,  '  for  Mr.  S.  Bowi-ing*  says  that  the 
*'  zemindars  who  search  for  it  let  themselves  down  by  a  rope  over  the 
face  of  a  precipice  and  pick  the  mineral  out  of  a  hole  beneath  in  the  side 
of  the  rock,  in  which  perilous  adventure  some  unfortimutely  have  lost 
their  lives  by  falling  down  the  cliff,  a  height  of  500  or  6(10  feet. 

Khuwiiam  Gorge,  Lat.  32^  42' ;  Long.  73^'  4'  30".— A  deposit  in  every 
way  similar  to  the  above  occurs  near  the  temple  on  the  right  side  of  the 
Keurah  gorge,  above  Pin  Dadun  Khan,  according  to  Dr.  Fleming, 

Simla  District:  SuDATuti,  Lat.  3U"58'30'';  Long.  77'  3'— There  are 
three   localities   in  the  neighbourhood  of  Subathu,  where  ores  of  lead 

'  Jotir.,Aj.,  See,.  HcnpU,  VoL  XVII.  p.  517;  and  Vol.  XXII.  p.  256. 
»  Men..,  CI.  S.  I,,  Vol.  XIV,  p.  301. 

'  Wliicli  U  litU]  n  high  price,  m  KiuuUhar  galciu  sells  at  Laliorc  for  R«.  1*8  ft  asvr 
('  Punjab  IVxlufts'). 

*  Jour.  A«.  Soc.  Bengal,  VoL  XIX.  p.  50, 
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occur  ;  the  first  is  on  the  east  hank  of  the  stream,  near  the  village  oE 
Chapla^  or  from  2i  to  3  miles  south-east  of  Huriapur;  the  second  is 
situated  between  2  and  2^  miles,  on  the  Solan  road,  south-east  of  Subathn, 
just  above  the  Dhobia  Gh&t ;  the  third  is  situated  mid-way  .between 
these  localities. 

At  the  first  locality  the  lode  runs  parallel  to  the  lamination  of  the 
beddinjT  of  the  rocks  in  a  north-west  to  south-east  direction.  These  roeks 
are  slates  belonging  to  the  Blini  series  ;  intercalated  with  them  is  a  thin 
band  of  limestone,  which  is  commonly  said  to  occur  near  the  limit  of  the 
Botallifcrous  rocks,  but  in  this  case  it  is  300  yards  distant  from  the  lode. 
The  lode  itself  is  stated  to  be  2  feet  thick,  but  Mr.  Willson,  from 
whose  notes  this  accoant  is  drawn  up,  states  that  though  the  lode 
was  concealed  at  the  time  of  his  visit,  he  was  inclined  to  believe,  fronxthe 
character  of  the  samples,  that  the  deposit  was  a  "  bunchy  "  irre^lar  one. 

Traces  of  lead  ores  with  barytes  are  said  to  occur  to  the  e«st  of  the 
suspension  bridge,  as  far  as  the  Sairan  dAk  bungalow,  on  the  Simla  road, 
but  that  they  do  not  occur  to  the  west. 

Under  European  management  mining  and  smelting  was  carried  on 
here,  but  as  they  have  ceased,  it  is  to  be  concluded  that  the  undertaking 
was  not  a  profitable  one. 

At  the  second  locality  the  lode  consists  of  2  to  3  feet  of  nearly 
pure  ore,  in  a  grey  siliceous  rock,  with  a  more  compact  grey  slaty  rock  on 
cither  side,  which  contains  barytes  and  zinc  blende  with  traces  of  copper 
ores. 

To  the  east  of  this  main  lode,  at  a  distance  of  80  feet,  there  is  a  second 
lode,  1  foot  6  inches  to  2  feet  thick,  but  rather  *'  bunchy  "  in  character. 
Mr.  Henwood,  who  was  in  charge  of  the  works,  considered  that  this 
lode  was  identical  with  the  first  one  near  Chapla,  where,  however,  the 
larger  one  had  not  been  proved,  though  it  wafi  thought  that  there  were 
traces  of  its  presence. 

The  mine  is  situated  on  the  top  of  a  small  hill,  and  the  workings  in- 
clude a  shaft,  60  feet  deep,  and  a  gallery  through  the  80  feet  of  rock, 
which  separates  the  two  lodes.  Crushing  miills,  two  smelting  furnaces, 
and  cradles  for  washing  the  ore,  were  all  put  up  by  the  Company  on  this 
hill. 

It  would  seem  that  these  lodes  are  situated  in  fissures  caused  by  the 
crushing  up  of  the  slates.  In  some  parts  the  siliceous  portions  of  the 
lodes  form  distinct  ribs  marking  tlie  position  for  long  distances. 

The  result  of  assays  of  galena  from  this  region  for  silver  will  be 
found  in  the  Chapter  on  Silver,  but  the  exact  mines  from  which  thd 
samples  come  is  not  known. 
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SoiAK,  Lat.  80°  54' 30";  Long.  77°  IC— The  above  name  is  used 
for  this  miue  in  consequence  o£  iU  being  a  well-known  locality,  but  it  \a 
actually  situated  about  6  miles  east  o!  it,  close  to  the  village  o£  Sar,  near 
the  junction  of  the  Ussan  and  Giri  rivers.  The  latitude  and  longitude 
given  above  is  that  of  the  mine. 

This  mine  consists  of  an  adit  driven  east  and  west  with  the  lode ; 
when  visited  by  the  late  Mr.  W.  L.  Willson  in  1871  the  roof  had  fallen 
in,  and  the  mine  was  full  o£  water,  so  that  no  observations  could  be  made  as 
to  the  extent  and  character  of  the  deposit.  Both  lead  and  copper  ores 
seem  to  oe<;ur,  but  the  references  are  so  vague  that  this  cannot  be  stated 
with  certainty. 

Sirmur  State  and  Jaunsar  Difitrict :  Swqjj,  Lat.  SO*'  48' j  Long. 
77°  47'. — On  the  banks  of  the  Tons  river,  about  25  miles  above  Kalsi, 
there  is  a  tract  of  country  surroimding  Swinj,  partly  included  in  Sirmur 
and  partly  Jaunsar,  where  mining  for  lead  has  been  carried  on  to  a  con- 
siderable in  extent. 

According  to  Captain  Herbert,'  the  principal  workings  in  Sirmur 
were  at  Aiyur,  near  Bhatnor  or  Barthanole,  where,  owing  to  the  softness 
of  the  rocks,  the  galleries  admitted  of  an  erect  position,  while  in  the 
mines  called  Maiyar  and  Borcla,  in  Jaunsar,  the  passages  were  narrow 
and  tortuous. 

The  Borela  mine,  before  Captain  Herbert's  visit,  used  to  pay  K«.  2,000 
fcnd  the  Maiyar  one  Rs.  4,000 ;  but  in  his  time  the  rents  were  Re.  650 
and  Rs.  I/IUO  respectively.  The  mines  were  always  included  in  the  assess- 
ment for  revenue.  Captain  Herbert  found  great  difficulty  in  ascertain- 
ing particuliirs  as  to  productiveness  from  the  native  miners.  The  ore 
in  all  was  of  the  same  quality,  a  steel-grey  finely  granular  galena.  The 
quantity  of  ore  which  had  been  removed  must  have  been  enormous,  since 
At  Borela  alone  there  were  upwards  of  80  galleries. 

Mr.  H.  B.  Medlicott,^  who  visited  this  locality  in  1862,  says  that 
only  one  mine  was  then  open.  The  lode,  which  was  about  2  feet  wide, 
was  well  defined  and  underlay  at  an  angle  of  70°  to  east-north-east*  The 
galena  occurred  in  a  thick  steady  string,  principally  next  the  under  wall. 
Another  distinct  string  was  of  mixed  ore  containing  zinc  blende,  with 
some  galena,  iron  pyrites,  and  quartz.  The  rocks  in  which  this  loda  or 
series  of  lodes  occur  are  much  disturbed  limestones  and  slates  of  the  Krol 
and  Infra  Krol  groups. 

To  the  west  of  this  locality,  at  the  gap  between  Gemani  and  GarDa» 
there  are  ah>o  old  mines  which  are  said  to  have  been  searched  for  lead. 

I  A«.  R«..  Vol  XVIII,  p.  266;  and  Indian  Review,  Vol.  11, 1826.  p.  349. 
'  Mem ,  U.  S.  1.,  Vol.  111.  p.  m. 
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The  assay  of  some  samples  of  galena  forwnnled  from  this  re^on  by  Mr. 
Hunfrey  yielded  an  average  of  upwards  of  20  ounces  of  silver  to  the  ton 
of  lead. 

The  following  is  the  most  recent  information  on  the  subject  of  these 
abandoned  mines.  It  is  from  a  MS.  report  by  Mr.  R.  D.  OUlhum  iu 
Sirmur. 

Bartiienouc,  Lat.  30*  44';  Long.  77°  4G'  30".— Numerona  old 
workings  in  limestone. 

KuNNA  IN  Jaunsxr,  Lat.  30^  41'  30*;  Long.  7S*  4'.—  Qoartz  vein 
in  slates,  of  which  2  or  3  inches  at  the  base  are  impregnated  with  galena 
and  copper  pyrites, 

Kharsi  in  Jaunsar,  Lat.  30°  46';  Long.  7 8*^  2'  20".— Galena  in 
nodules  between  beds  of  limestone ;  very  local  in  i^s  distribution. 

KoNAiN  IN  Jaunsar,  Lat.  30"  47'  10";  Long.  77°  56'  30".— Galena 
occurs  as  at  Kharsi. 

MiiDUAUL  IN  Jaunsar,  Lat.  30'  56'  10' ;  Long.  77"  51'  30*— Galena 
said  to  have  been  mined  for  here. 

Kulu  District  •  Manikabn,  Lat.  30*  N.;  Long.  77^^  80'  E.— Two 
to  three  miles  east  of  Manikarn^  in  the  valley  of  the  Parbutti  and  close 
to  the  village  of  Uchich,  there  is  a  mine  known  throughout  the  country 
as  a  silver  mine,  Mr.  Mallet  found,  when  he  visited  the  loddity  in  1863/ 
that  the  mine  was  situated  in  a  vertical  fissure  uccessibh»  only  l)y  two 
small  entrances  on  the  face  of  the  vertical  cliff.  Oulena  was  obtained,  but 
it  appeared  to  be  sparsely  distributed  in  a*  quartx,  gangue  being  :isso- 
ciated  with  iron  ajid  arsenical  pyrites.  This  galena  was  not  aigenti- 
fierons,  but  Mr.  Calvert's  subsequent  explorations  seem  to  show  that  there 
are  two  separate  mines,  one  of  galena  and  the  other  of  arsenical  pyrites.* 
It  is  stated  by  Mr.  C.\lvert  (Ms.)  that  a  8ami)le  of  ore,  apparently  a 
mixture  of  galena  and  iron  pyrites,  on  assay  by  Mr.  Johnson,  Assayer 
to  the  Mint,  yielded  22  oz.  2  dwts.  12  grs.  of  silver  and  2  dwts.  and  12 
grains  to  the  ton  of  ore. 

Mr.  Calvert  states  that  he  discovered  lodes  of  galena  also  near  Kara, 
Chong,  Khanor  Khud,  Kornan,  Kot  Kundi,  Malanna,  Shigri  in  Lahoul, 
and  other  localities.  Samples  of  galena,  forwarded  from  time  to  time 
by  Mr.  Calvert,  have  been  assayed,  and  the  results  will  be  found  in  Chap. 
ter  IV. 

A  sample  of  galena  from  Ballarag  opposite  Dchich,  forwarded  by  Mr. 
A.  G.  Young,  yielded  65  oz.  6  dwts.  16  grs.  to  the  ton  of  lead  according 
to  Mr.  Tween,    Mr.  Calvert's  enthusiasm  regarding  the  Vawr-i-rupi, 

•  Mnn.,  G.  S.  I.,  Vol.  V,  p.  1C5. 

'  "  Kulu,  &c.,"  bj  J.  Calvert .  Loudou,  Spon,  p.  77. 
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or  silver  country  of  the  Vazeers,  finds  general  expression  in  his  publiwhed 
work  on  Kulu,  but  further  information  regarding  the  actual  condition 
and  appearance  of  the  mines,  and  the  unopened  deposits,  is  not  available 
at  present.  ' 

North- West  Provinces. — Tlie  lead  mines  of  the  portion  of  the 
Himalayas  situated  in  the  North-West  Provinces  appear  to  be  mostly- 
situated  in  localities  difficult  of  access.  Several  of  them  are  worked  to  a 
small  extent  by  the  inhabitants  for  local  purposes. 

Gurhwal  District. —  Lead  ores  have  been  found  at  many  localities 
in  these  districts,  and  in  some  cases  there  have  been  mining  operations, 
which  have  resulted  in  the  removal  of  every  particle  of  ore.  Accoi*ding 
to  Captain  Herbert,*  there  ia  a  lead  mine  in  the  Nagpur  pargana,  which 
would  be  valuable  if  situated  nearer  the  plains.  Mr.  Lawder*  enumerates 
the  following  as  being  worked,  but  not  extensively  :  Dhanpur  imd  Tachir- 
da  and  four  deserted  mines,  namely  Gherti,  in  the  snowy  range  between 
Milam  and  Niti,  and  Rallum  Bainskum,  on  the  banks  of  the  Gori  river, 
and  Baidli-Baghir.  The  Dhanpur  mine  was  described  by  Mr.  Barratt,* 
who  stated  tliat  ore  was  still  abundant,  and  that  the  mine  was  favourably 
situated  for  working.  He  also  commended  the  J&k  mine  in  patti  Kurra 
Kote,  in  pargana  Budhun,  but  thought  that  mines  at  Rai  Cheudak, 
2  miles  east  of  Chund  village  in  Goron  and  Patal  in  Dewalgurh,  were 
not  of  much  importance. 

Kumaun  District. — Deposits  of  lead  exist  at  Gaul  in  pafti  Karahi, 
and  close  to  the  Shor  Gurang  copper  mines,  the  former  being  galena  iu 
limestone.  Mr.  Barratt  also  describes  a  mine  in  this  region,  and  says  that 
there  was  no  true  lode,  the  ore  being  disseminated.  In  Captain  Hcrbert^s 
time  the  mines  were  not  regularly  worked  and  paid  no  revenue ;  when 
the  vUlagers  required  lead  they  simply  lit  a  fire  against  the  rock,  and 
the  metal,  more  or  less  sulphuretted,  trickled  from  the  crevices.* 

Nepal. — Specimens  of  argentiferous  galena  have  been  received  from 
Nepal,  but  nothing  is  known  as  to  the  mode  of  occurrence  of  lead  ores 
in  that  country, 

Daijiling  District:  Sakkan  River.— Mr.  Mallet*  found  galena  in 
a  boulder  composed  of  garoot  and  hornblende  with  disseminated  pyrites 
and  manganite,  but  the  source  of  this  boulder,  which  was  picke<l  np  in 
the  Sakkan  river,  could  not  be  discovered.    There  is  no  record  of  lead 

1  Indian  Review,  Vol.  II,  1838,  p.  849. 
'  Eword*.  O.  8.  1.,  Vol.  IJ,  p.  88. 

*  HC'ltfctiow  from  liec^nln.  r,(.vtTninent  of  Indiit.  Vol.  XVII,  p.  71. 

«  Kconomic  Ocolopy  nf  Hill  Diatricta  bj  £.  T.  A.Uciuiou:  ▲lUhaUil,  1877. 

•  1I«B..  «.  «.  1.,  VuL  XI,  p.  83. 
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havin<5  ever  been  worked  in  the  region  including  Darjiling  and  tbe  West- 
ern Duars, 

Assam. — Within  the  limits  of  Assam  there  appears  to  be  no  recorded 
case  of  the  discovery  of  any  ore  of  lead.  But  beyond  its  frontiers 
there  is  undoubtedly  ground  for  believing  that  a  rich  deposit  must  exist. 

BoR  Kampti. — A  specimen  of  galena  received  from  Mr.  Bruce  of 
Sadiya  yielded  to  Mr.  Prinsep '  on  analysis  one-fourth  per  cent,  of  silver 
to  the  ton  of  lead  =  89*6  oz.  Of  metallic  lead,  the  specimen,  which  was 
a  small  one,  contained  from  60  to  70  per  cent. 

Another  specimen  from  the  same  locality,  forwarded  by  Major  Jen- 
kins, was  reported  on  by  Mr.  Piddington,^  who  said  it  was  a  rolled  frag- 
ment not  taken  from  a  wrought  vein  or  lode.  It  did  not  contain  an 
appreciable  percentage  of  silver,  but  antimony  was  present  in  the  pro- 
portion of  from  3  to  4  per  cent.  Mr.  Robinson'  speaks  of  a  silver  mine 
in  this  region,  probably  meaning  Bor  Kampti,  which  ia  said  to  yield 
Rs.  80,000  a  year. 

Burma. — The  occurrence  of  lead  ores  at  numerous  localities  in  British 
Burma  has  been  amply  proved,  but  very  little  is  known  as  to  the  nature 
and  extent  o£  the  deposits. 

In  Native  Burma  and  the  surrounding  States  there  are  localities 
which  apparently  produce  large  quantities  of  lead. 

Tenasseiim.— Nine  locahtios,  to  which  separate  names  are  not  given, 
are  stated  by  Mr.  Theobald*  to  be  indicated  on  Mr.  O'Riley's  map  as 
sites  where  galena  occurs  in  Martaban ;  they  have  a  general  arrangement 
along  a  north-north-west  line  of  bearing  for  a  distance  of  90  miles.  The 
rocks  are  limestones  of  the  carboniferous  period.  The  exact  characters  of 
the  deposits  at  these  localities  have  not  been  ascertained,  or  at  least  placed 
on  record.  Mr.  Theobald  considers  that  there  may  be  a  double  mode 
of  occurrence. 

There  have  been  some  crude  attempts  at  working,  but  nothing  done 
yet  has  been  of  a  sufficiently  exhaustive  character  to  prove  the  value  of 
any  of  them. 

Galena  has  been  found  in  the  liills^  about  60  miles  from  Maulmain 
in  the  Sal  ween  valley,  and  30  miles  to  tlie  north-east  of  Tounghu.  The 
Tounghu  ore  yielded  on  assay  an  average  of  20  oz.  8  dwts.  7  grains  of 
silver  to  the  ton  of  leiid.  The  Burmans  informed  the  Deputy  Commis- 
sioner that  it  contained    15  oz.     It  was  stated  that  this  ore  occurred  in 


•  Jour.  As.  8oc.  Bengal,  Vol.  II,  p.  438. 
«  0/>.  ei/..  VoJ.  XX.  p.  366. 
'  Descriptive  Account  nf  Auani.  p.  86. 
«  BaootiM,  Q,  B.  1.,  Vul.  VI.  p.  93. 
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considerable  abundance.  Tbc  lead  ore  found  to  the  north  of  Maulmaia 
has  been  visited  by  Mr.  M.  Fryar,^  who  has  reported  its  occurrence  at 
three  localities  on  the  western  bank  of  the  Salween  ;  these  are  the  village 
ot*  Meezine  and  the  Tectalay  and  Teetameelay  hills.  At  the  first  the  or© 
is  stated  to  be  in  a  silicious  g;angue,  very  diificult  to  work,  and  the  spot 
is  18  to  20  miles  from  the  Salwin  by  a  circuitous  path.  The  lead  from 
this  galena  contained  14  oz.  14  dwts.  of  silver.  AtTeetalay  the  natives 
smelt  the  ore  which  occurs  in  limestone,  but  at  the  time  of  Mr.  Fryar's 
"^nsit  they  had  not  be^^un  mining,  contenting  themselves  with  such  loose 
fragraents  as  they  could  pick  up,  but  there  were  some  old  mines  at  the  spot. 
Mr.  Fryar  could  not  ascertain  the  dimensions  of  the  lode,  but  he  con- 
sidered the  appearances  promising.  In  the  Teetameelay  hill  the  matrix 
is  quartz,  and  would  be  dilHculttowork;  the  lead  contained  8  oz.  ddwts« 
and  8  grains  of  silver.  Some  Shans  had  prospected  the  vein  but  had 
abandoned  it. 

Small  deposits  of  phosphates  and  arsenates  of  lead  have  been  met 
with  in  different  parts  of  the  Teuasserim  division. 

Maingay's  Island  (Deo  Tuan)  . — Maingay^s  Island,  which  lies  to  the 
west  of  King's  Island^  in  the  Mergui  archipelago^  has  an  area  of  15 
square  mile?.  On  the  west  coast,  close  to  the  sea,  the  hie  Mr.  M.  Fryar''' 
was  shown  a  lode  of  galena  in  a  coarse  argillaceous  scbistose  rock.  The 
galena  is  associated  with  quartz  and  barytes. 

Samples  of  this  galena,  assayed  by  Mr.  Twcen,  yielded  the  following 
results  :^ 

No.  l--CoRr»o-grained  Lead,  78'15;  Antimony,  8*66;  Sulphur,  18' 10 
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of  silver  to  the  too. 


Lead  from  No.  1  gave.    . 

No.  2    ., 
A  third  Sample 

Tavoy  District. — A  deposit  of  galena  is  said  to  have  been  di«- 
covereil  in  lb55  on  a  small  stream  running  into  the  Tenasserim  river,* 
The  spot  is  difficult  of  access  and  particulars  regarding  it  are  wanting. 

A  sample  of  galena  from  Tavoy,  which  was  assayed  by  Mr.  Tween, 
contained  silver  in  the  proportion  of  16  oz,  7  dwts.  19  grains  to  the  toa 
of  lead. 

Upper  Burma:  Shan  States. — According  to  Ma  jorStrovcr  galena* 
abounds  in  the  Shan  States  and  could  be  obtained  in  greater  abundaiico 

'  Bffi>oTi  nil  tho  Minrnils  of  tbv  Amherst  District,  ilaicil  9tii  Juuc  1873. 

*  InJiuii  EconoTni»f ,  Vol.  V,  p,  4ri. 

*  AdmiiiSNtnttioii  Rc|Nirt,  Hritiwli  Banna,  1861 '62,  p.  89. 
^   Indian  E<.-ouoiiU£t,  Vol.  V,  p.  14. 
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than  it  is  at  present.  Lead  is  also  imported  £rom  Yanan  into  Upper 
Burma.  Samples  of  galena  from  Bhamo  have  yielded  a  far  higher 
average  percentage  of  silver  than  that  obtained  from  Malabar  and  Tenas- 
serim;  vide  table  in  Chapter  on  Silver. 

A  decrease  in  the  exports  of  lead  from  Barma  is  said  to  have  taken 
place  to  the  extent  of  75  per  cent.^  This  lead  was  chiefly  obtained  be- 
yond the  frontier^  where  formerly,  if  not  still,  a  leaden  currency  existed. 

The  following  statement  of  exports  of  lead  from  Bangoon  was  sup- 
plied to  the  Geological  Survey  Office  in  1856  by  the  Ck>llector  of  Cus- 
toms*.— 


Tear. 

QtUMtitj. 

ViM. 

VahM. 

1854.55        . 

.    658,886*25    Bs.  166,382  15 

Ii=£16,638 

5  10} 

1855.56       . 

.    428,658  80    Bs.  115,130  13 

6  =£11,613 

111* 

The  return  of  exports  in  the  Administration  Reports  of  British  Burma 
for  the  past  few  years  do  not  specify  lead  as  an  export.  The  other 
metals  exported  appear  to  go  merely  to  the  Straits  Settlements,  but  the 
trade  is  evidently  inconsiderable. 

>  1  contribation  to  Barman  Mmenlogy  by  P.  Dojie,  M.  E,  C.  E.:  Cafcntta,  Stenliop« 
Frew,  1879. 

'  Vide  CoL  Yule's  "Mission  to  Court  of  Ars,"  p.  846. 
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CHAPTER  VII. 
ZlNC-TIN-TlTANIUM-COBALT-NICKEL-MANGANESE-CHBOMnJM. 

Zivc— General  Reinarka. — Rajputana—Afghanbtan—Pnnjab— British  Barroft,  Tnr.— 
General  Remarlci.— Bengal— Central  Proviocea—Boinbaj— British  Banna.  TiTA- 
KiUM.  General  Remarke.— Bengal— Rajputana.  CoBAix.— General  Remarki.— Baj- 
putann— Nepal —Brituih  Bnrma.  Nickbi..— General  Reniark».  Makoaitbsb.— Gene- 
ral Kcmarks.—MttdraH— Hyderabad— Bengal— Central  Provinces- Bcrar—Rewah — 
Bajpntana — Bombay— Briti eh  Borma — Upper  Banna.  Cb&OMIUIC. — Geooeral  B«> 
marks. — Madras — Punjab. 

Zinc:  General  Remarks. — Zinc  occurs  in  combination  with  sul- 
phur forming  the  sulphide  or  blendej  with  oxygen-forming'  zincite,  and 
it  also  ia  found  as  a  silicate,  carbonate,  sulphate  and  arsenate. 

So  far  as  is  at  present  known,  all  these  minerals  are  of  considerable 
rarity  in  peninsular  India,  but  stray  crystals  of  blende  do  occur  in 
association  with  the  ores  of  other  metals  in  several  localities.  It  will 
be  sufficient  to  mention  these  cases  en  paasantf  as  they  are  not  known  to 
be  of  any  real  economic  importance ;  and  till  more  has  been  ascertained 
as  to  quantity,  there  is  nothing  further  to  be  stated  than  the  fact  that 
the  minerals  do  exist. 

In  Southern  India  blende  is  stated  to  have  been  found  in  Madura. 
Hilr.  MaUet*  has  recently  described  some  specimens  containing  Smith- 
sonite  or  carbonate  associated  with  blende^  which  were  found  in  Karuul, 
but  regarding  the  mode  of  occurrence  nothing  is  certainly  known,  but 
they  have  a  promising  appearance.  Possibly  they  came  from  the  GazaU 
pully  mine.  In  Bengal,  in  the  Hazaribagh  district,  blende  has  been 
found  associated  with  lead  and  copper  ores  in  the  mines  at  Mahabank 
and  at  Baragunda.  The  only  considerable  deposit  of  zinc  ores,  which 
has  been  extensively  mined  and  worked  in  the  peninsula,  is  the  following. 

Rajput€tna:  Jawab,  Lat.  U"*  21' j  Long.  73°  45'.— -At  Jawar  or 
Zawar,  in  the  Udepur  State,  there  are  mines  in  which  zinc  ores  occur, 
and  which  were  worked  formerly,  but  the  facts  available  are  not  very 
distinct.  Thus  in  Colonel  Tod's  'Rajasthan'^  the  mines  are  alluded  to 
incidentally  as  having  yielded  an  annual  revenue  of  Re.  2,22,000,  but 
the  metal  is  said  to  liavc  been  tin.    This,  according  to  the  Rajputaott 

*  Records.  G.  S.  I.,  \\A,  XIV,  p.  196. 

•  Vol.  I,  p.  &04,  not*. 
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Gazetteer,*  was  probably  a  mistake,  as  there  is  no  local  trafHtion  of  tin 
ever  having  been  found  there.  The  ore  appears  to  be  chiefly  the  carbon- 
ate (smithsonite).  The  rocks  in  which  it  is  found  are  probably  quartz, 
ites  of  the  Arvali  series,  but  no  geological  examination  of  the  locaHtj 
has  yet  been  made. 

The  only  published  account  of  these  ancient  mines  is  by  Captain 
J.  C.  Brooke,  i^  He  says  that  the  ore  occurs  in  veins,  8  or  4  inches 
thick,  and  sometimes  in  bunches,  in  quartz  rock.  The  pure  ore  being 
very  friable  was  pounded,  freed  from  quartz  and  placed  in  crucibles, 
some  8  or  9  inches  hiph  and  3  inches  in  diameter,  with  necks  6  inches 
long  and  half  an  inch  in  diameter.  Into  these  necks  the  metal  sub- 
limed on  the  application  of  heat  in  the  following  manner.  The  mouths 
being  fastened  up  the  crucibles  were  inverted  and  placed  in  rows  on  a 
charcoal  furnace.  It  took  three  or  four  hours  to  complete  the  fusion  of 
the  ore.  It  is  stated  that  the  crucibles  used  to  crack  if  any  fragments  of 
quartz  were  allowed  to  remain  with  the  ore.  The  mines  were  closed  in 
the  famine  of  1812-13^  and  have  not  since  been  re-opened. 

Afehanistan  :  Ghorband,  &c. — According  to  Dr.  Lord,  ^  in  certain 
volcanic  regions  near  the  Ghorband  valley,  and  elsewhere  in  Northern 
Afghanistan,  an  efflorescence  of  zinc  sulphate,  locally  cjilled  zak^  was 
common ;  whether  it  was  employed  for  any  purpose,  medicinal  or  other- 
wise, is  not  stated. 

Punjab :  Shioru— At  Shigri  in  Lahul  zinc  blende  was  found  by 
Mr.  Mallet  *  in  no  great  abundance,  disseminated  through  the  gangue 
of  the  antimony  ore  which  occurs  there,  as  has  been  described  on  a  previ- 
ous page. 

Sinnur  State. — At  the  Sirmur-Jaunsar  mines  there  occurs,  asso- 
ciated with  the  galena,  a  distinct  string  of  ore  which  Mr.  Medlicott  *  has 
described ;  it  consists  of  zinc  blende  with  some  galena,  iron  pyrites,  and 
quartz. 

British  Burma. — Dr.  Mason*'  states  that  he  saw  a  sample  of  zinc 
blende  from  Tavoy,  and  he  records  that  Dr.  Heifer  had  obtained  an  ore 
of  zinc  in  one  of  the  Mergui  islands. 

Tin  :  General  Remarks.— Tin  is  stated  to  have  been  found  native  in 
rare  instances;  as  the  sulphide  or  staunite  it  is  not  of  very  common  occur- 
rence.    The  only  ore  which  is  known  to  occur  in  abundance  is  the 

«  Vol.  I.  p.  16. 

5  Jour.  A«.  Soo.  Bangui,  Vol  XIX.  p.  218. 

'  Op.  ci/.,  Vol.  VU,  p.  536. 

*  Mem.,  O.  8.  I..  Vol.  V.  p.  166. 
»  Chp.cit.,  Vol.  Ill,  p.  179. 

•  *i»tural  Productioni  of  Uurma,  p.  48. 
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di-oxide  or  caasiteritc  which  is  more  frequently  spoken  of  simply  as  tin- 
Btoue,  and  which,  if  pure,  contains  7SG7  i>er  cent,  of  metallic  tin. 

Within  the  limits  of  peninsular  India  tinstone  has  been  rarely  found, 
and  the  only  localities  in  extra-peninsular  India,  where,  so  far  as  is  known, 
this  ore  occurs  in  sufficient  quantities  to  be  of  commercial  value,  are 
situated  in  the  Tenasserim  division  of  British  Burma* 

Bengal. — In  Beugal  tinstone  has  only  been  met  with  in  two  locali- 
ties, both  of  which  aro  situated  in  the  district  of  Hazuribayh.  The  prin- 
cipal of  these  is  at 

Nottoo  OR  NoRTJNOA,  Lat.  24.''  10';  Longr-  S&'  V  SO".--Under  the 
name  Lorunga  tliis  locality  was  refen-ed  to  by  Dr.  McClelland  in  the 
year  1849  as  being  one  where  tinstone  was  found.  The  village  is  south 
of  the  Barakar  river,  and  about  il  miles  south-west  of  Loda,  which  is  8 
miles  to  the  west  of  Karharbari.  Dr.  McClelland '  described  the  ore  as 
occurring  disseminated  in  gneiss,  and  stated  tliat  the  weathcred-out  tin- 
stone gravel  was  found  on  the  surface,  500  yards  distant  from  the  village, 
through  a  zone  100  yards  wide,  and  extending  to  an  unknown  distance 
with  the  strike  of  the  strata.  There  were  40  iron  furnaces  there,  and 
Dr.  McClelland  was  led  to  believe  that  the  manufacture  of  iron  was 
merely  a  pretence  to  cover  a  more  lucrative  trade ;  but  of  this  suspicion 
no  subsequent  proof  could  be  obtained,  and  from  the  men  themselves,  who 
were  very  uncivil,  no  information  was  elicitetl. 

Alwut  the  year  IS 07,  the  attention  of  the  late  Mr.  Lord  of  lianiganj 
was  drawn  to  this  locality  by  the  fact  of  some  of  the  native  iron  sm«ltr 
CIS  having  brought  for  sale  at  Baniganj  what  they  conceived  to  be 
silver.  It  was  ascertained  that  they  had  smelted  some  of  the  tinstone 
supposing  it  to  be  iron,  and  on  seeing  the  white  metal  run  had  concluded 
that  it  was  silver.  Having  obtained  the  right  to  mine  from  the  Haja 
of  Palgunj,  on  an  annual  payment  of  Hs.  2,000,  Mr.  Lord  opened  a  mine 
and  commenced  smelting  in  the  ordinary  native  iron  furnaces.  While 
the  mine  was  in  progress  it  was  visited  by  Mr.  Hughes,  from  whose  notes, 
and  his  own  subsequent  observations  made  after  it  hod  been  deserted,  Mr. 
Mallet  '^  prepared  a  short  account  of  the  deposit,  from  which  the  follow- 
ing facts  are  taken. 

The  ore  occurred  in  three  or  four  lenticular  beds  or  nests  in  the 
gneiss,  which  were  seldom  more  than  a  foot  or  two  across,  although  in 
one  or  two  instances  they  were  as  mueh  as  13  feet;  they  extended  for  iiO 
yards  in  a  direction  parallel  to  the  bedding  of  the  gneiss. 


*  Boport  ou  tlto  GeolngicAl  Sunroy  :  Season,  1818*49. 

*  BMd^Q.  &  Jv  Vol.  VII.  p.  36  vih  19.  5d. 
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The  ore  consisted  of  gneiss  with  tkiekly  disseminated  oiystnls  and 
giains  of  tinstone.  At  &  depth  of  20  yards  the  nosts  appeared  to  be 
thinning  out  j  and  the  rock  becoming  harder  and  the  water  troublesome 
the  mine  was  abandoned.  The  smelting  was  carried  on  in  a  nither 
primitive  fashion,  and  according  to  Mr.  Mallet's  informant,  a  native  of 
the  place,  only  12  maunds  of  tin,  or  between  8  and  9  cwts,  of  tin, 
was  produced. 

So  far  as  these  operations  went  their  result  was  to  show  that  the 
deposit  was  not  one  of  considerable  extent,  but  they  were  perhaps  on  too 
limited  a  scale  to  afford  cone)  usive  evidence  on  this  point. 

SiMRATAUT,  WBST  OP  PiURA,  Lat.  Zi"  39'  N. ;  Loug.  85"  49'  E.— At  this 
locality  Mr.  Mallet  found  a  few  crystals  of  tinstone  in  a  lenticular  pocket 
of  granite  in  mica  schist.  The  discovery  was  rather  of  mineralogical 
than  practical  interest,  still  it  is  considered  to  indicate  the  possibility  of 
the  ore  occurring  in  the  granite  of  that  part  of  the  country.  Beryl, 
apatite,  garnet,  and  leucopyrite,  which  are  not  uncommonly  found  asso- 
ciated with  tin,  were  also  found  in  the  same  region. 

Central  Provinces:  Bustar  State. — A  communication  received 
from  Mr,  Vanstavern  by  the  Ooological  Survey  in  lb79  suggests  the 
probability  of  the  occurrence  of  tinstone  in  the  Bustar  State.  A  Gotid 
from  a  village  called  Papagudem,  who  wore  a  tin  bracelet,  was  seen  by 
Mr.  Vanstavern  at  Dumagudiem.  Ou  being  asked  about  it  ho  said  that 
the  metal  had  been  made  in  his  own  village  from  some  black  sand 
resembling  gunpowder  which  was  found  there.  The  name  of  the  village 
is  supposed  to  be  derived  irompapamn,  which  means  tin.  lu  the  neigh- 
bourhood of  Vijapur  there  is  a  village  marked  on  the  map,  called  Patar- 
gudiem,  lat.  lb""  4(i'j  long.  80^  51',  which  is  possibly  tlie  place.  The 
rocks  in  this  neighbourhood  are  all  motamorphic. 

Bombay. — In  Bombay  the  discovery  of  ores  of  tin  has  been  limited 
to  finding  mere  mineralogical  hand  specimens,  and  there  is  as  yet  no 
ground  for  supposing  that  ores  occoi-  in  abundance. 

Dharwar  District:  Dambal  Hills,  Lat.  H°  15'  N.;  Long,  75"* 
45'  E. — In  the  gold-bearing  sands  which  take  their  rise  in  the  Dambal 
hills  Mr.  Foote*  found  a  few  minute  grains  consisting  of  a  mixture  of 
jnetallic  copper  and  oxide  of  tin. 

Gujrat:  Jambuouora.— A  sample  of  tinstone  from  Jambughora, 
«Ht  of  Champauir,  was  recently  received  from  Mr.  B^gers,  late  of  the 
Bombay  Civil  Service,  through  Mr.  W.  T.  Blanford.  No  particukirs  are 
known  as  to  its  mode  of  occurrence. 


lUcorO*,  G.  S.  I.,  Vol  VXI,  p.  140, 


SIO 


fJEOLOGV  OF  INDIA— TIN. 


[ChapVIL 


British  Burma. — Except  in  tbe  Tenasscrim  division,  in  no  part  of 
British  Burma  are  tin  ores  known  to  exist  in  quantity.  There  are  report* 
of  tlieir  occurrence  in  the  Shan  States  to  the  south-east  of  Mandalay,* 
and  tinstone  is  found  in  the  Karenni  hilk  between  the  valleys  of  the 
Sitang  and  Salwin.  Mr.  O'Riley*  claims  to  have  ti*aced  the  stanni* 
ferous  granite,  across  into  the  valley  of  tho  Sitang.  The  Rod  Karens 
work  the  ore  at  Kah-may-pew,  and,  it  would  seem,  bring-  it  to  Tounghu 
for  sale.  A  specimen  of  ore  is  said  to  have  been  obtained  in  the 
Zoukthwah  stream  in  the  Tounghoo  district. 

The  deposits  for  which  Tenasserim  has  long  been  famous  are  situated 
further  to  the  south  and  commencing  in  the  neighbourhood  of  Ye  or 
Yay,  in  the  Amherst  district ;  tJiey  occur  at  intervals  down  to  Maleewoon, 
in  the  extreme  south  of  Mergiii,  and  thence  continue  to  the  south-east 
in  tho  Malayan  peninsula,  where  there  are  well  known  tin  mines  and 
washings,  but  which,  not  being  included  in  the  territory  now  under 
the  Government  of  India,  are  not  described  here. 

Throughout  this  tract  there  appears  to  be  hardly  a  single  stream  bed 
where,  if  the  sand  is  waehed,  traces  of  tinstone  are  not  to  be  found. 
And  not  only  does  the  ore  occur  in  the  streams,  but  through  large  tracts 
it  actually  impregnates  the  soil,  and  this  is  the  case  even  in  some  of  the 
islands  of  the  Mergui  Archipelago. 

The  source  of  this  ore  is  not  far  to  seek ;  it  all  comes  from  the  granite 
range  which  separates  Tenasserim  from  Siam,  and  from  some  subordinate 
parallel  ranges.  The  ore,  according  to  Dr.  Oldham,*  exists  as  an  essen- 
tial ingredient  of  the  mass  of  the  rock  occurring  disseminated  through 
the  granite  in  small  crystals,  and  being  similarly  arranged  to  the  quartz 
and  felspar.  It  is  most  abundant  near  the  lines  of  junction  between 
the  granite  and  the  highly  metamorphosed  slates  with  which  the  former 
comes  in  contact.  The  degradation  of  this  granite  by  weathering  through- 
out an  enormous  period  of  time  has  supplied  the  sand,  which  is  now  so 
abundantly  impregnated  with  stream  tin. 

Owing  to  the  density  of  the  vegetation  on  the  hills  they  have  never 
been  thoroughly  explored  for  lodes  or  veins,  and  therefore  it  is  not 
known  to  what  extent  the  ore  may  occur  locally  concentrated  or  segre- 
gated from  the  general  mass  of  the  rock.  Lodes  have  indeed  been 
discovered,  it  is  said,  at  some  localities,  but  there  are  at  present  no  data 
for  forming  an  opinion  as  to  their  abundance  or  extent.    The  natives 

<  Major  Strorer.    Indian  Ecoaomiai,  Vol.  V,  p.  14. 

I  R.  O'Hitey,  Deputy  Cominiuionor.  Martabiin.  to  Cktinmissloner  of  Tcmuentu,  6tb 
D«c«niWr  186*.  nnd  TbeobaW,  W.    itooonla.  (J.  S,  1.,  VoL  VI,  p. 
'  Sclectioiu  from  Rcoords,  Gorcmmcnt  of  ludiii,  Vol.  X,  |».  56. 
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very  naturally  confine  themselves  to  the  stream  tin  which  is  easily 
obtained  J  and  is  generally  of  great  purity. 

It  is  not  improbable  that,  supposing  the  oro  to  exist,  it  would,  in  the 
lodes,  be  so  mixed  with  sulphides  and  possibly  arsenates  of  other  metals 
that  it  would  be  ira^wssible  for  them  to  reduce  it,  or  at  least  to  turn  out 
tin  of  equal  quality  to  that  which  is  now  produced  in  tbeir  simple  fur- 
naces. In  certain  localities  wolfram  occurs  in  association  with  the  stream 
tin,  and  where  this  is  the  case  the  ore  is  of  course  of  less  value,  and  the 
tin  produced  from  it  commands  a  lower  price  in  the  market. 

Amherst  and  Tavoy  Districts. — The  occurrence  of  tin  at  various 
localities  in  these  districts  has  been  noticed  by  several  writers.  It  is  be- 
lieved that  large  quantities  of  tin  were  formerly  manufactured  in  Tavoy 
since  the  traveller  Ralph  Fitch  records  that  in  1586  the  whole  of  India  was 
supplied  with  tin  from  the  *  island  of  Tavi.'  At  present  the  collection 
of  stream  tin,  if  pnictised  at  all,  is  only  done  so  on  a  very  small  scale. 

Kallee  Ung,  Lat.  14°  48' ;  Long,  9S°  10'.— Dr.  Heifer  >  obtained 
tinstone  near  the  above-named  river  to  the  south  of  Ye  or  Yay,  but  he 
seemed  to  consider  that  the  deposit  was  dying  out  there,  but  rapidly 
increased  further  south. 

Hknzai,  Lat.  14°  aC  N. ;  Long.  98".  E.— Mr.  O'Riley  »  in  1851  obtained 
stream  ore  by  washing  in  the  various  streams  which  empty  themselves 
into  the  Henzai  basin  from  the  south,  through  the  Oung-Beng<Quin. 
These  streams  were  said  to  be  washed  occasionally  for  both  tinstone  and 
gold  by  the  inhabitants,  and  that,  of  the  former,  6  to  8  pounds  could  be 
obtained  by  a  woman  washing  for  part  of  a  day.  He  estimated  that  a 
man  might,  if  properly  directed,  obtain  18  to  20  lbs.  d.aily. 

Myit-ta,  Lat.  14°  12'  N  ;  Long.  98"  30'  E,— Apparently  the  same 
locality  as  the  above  of  the  latest  map  is  Dr.  Heifer's  Metamio,  40  miles 
distaut  from  Tavoy.  He  states  that  it  is  in  a  tract  of  country  of  which 
the  latitude  of  Tavoy  passes  through  the  centre,  and  which  is  about  CO 
miles  long,  and  from  8  to  12  miles  broad.  The  streams  containing  the  tin 
run  into  the  basin  of  the  Upper  Tenasserim  river.  The  ore  is  stated  to 
occur  both  in  the  alluvium  and  in  the  granitic  detritus  on  the  hills,  being 
in  places  apparently  rather  abundant,  much  more  so  than  it  is  to  the  west 
of  the  range  which  separates  the  valley  from  the  neighbourhood  of  Tavoy 
town.    Some  of  the  old  pits  worked  in  the  Burmese  time  were  40  feet  deep. 

Captain  Low,''  in  his  history  of  Tenasserim,  mentions  mines  and 
smelting  works  at  Bubeinchaung,  near  Ke-up»poeh,  which  were  being 

*  Second  R«port  on  Provinces  of  Te.  Tavoy  and  Merg^i,  Calcutta,  1839,  p.  29. 
'  Sck'ctionii  from  Eecorda,  fii>ngal  OoveriLUU-'Ut,  Vol.  VI,  p.  3. 
a  Jour.  Iloj.  A».  Soc,  Vol  III,  p.  47. 
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worked  in  1825  when  he  visited  them,  and  deserted  mines  at  NayoJaung, 
and  also  at  Shenze,  near  Kaleaung  and  Kanmnula,  one  day's  journey  to  the 
north  of  Ke-np-poeh.  These  mines  used  to  be  worked  during  four 
months  of  the  year,  and  gave  employment  to  400  men.  The  revenue 
from  them  probably  did  not  exceed  1,600  tickals.  Captain  Low  describes 
the  operations  as  follows.  With  a  shallow  wooden  basin  the  workmen 
simply  washed  the  gravola  in  the  beds  of  streams,  and  when  tliey  had 
obtained  suiBcient  oi*e  they  returned  to  Tavt>y,  where  it  was  smelted  the 
tax  amounted  to  10  per  cent,  or  more,  as  the  Oovernraent  took  the  metal 
at  its  own  valuation.  The  trade  was  a  poor  one  and  less  profitable  than 
others,  but  its  speculative  character  proved  an  attraction  to  the  Burmese. 
The  scarcity  or  badness  of  the  water  had  caused  many  of  the  best  mines 
to  be  deserted. 

Mergui  District. — There  are  numerous  localities  in  the  Iklcr^ui 
district  where  stream  tin  occurs,  and  in  a  few  instances  the  ore  has  been 
found  in  situ.  Were  it  not  for  the  density  of  the  vegetation  in  the  thinly 
inhabited  jungles  whence  it  comes,  there  ought  to  be  no  veiy  great  diffi- 
culty in  finding  the  sources.  Mr.  Fryar,*  who  visited  the  principal 
works,  states  that  they  may  be  enumerated  under  11  heads  as 
follows : — 

Palouk,  Lat.  13''  15'  N.;  Lon^.  98°  40'  E.— This  place  is  alluded  to  in 
a  communication  which  was  made  to  the  Asiatic  Society  in  the  year  l&iI9, 
by  Mr.  D.  Ross;  *  it  was  stated  on  the  authority  of  Major  Burney  that 
some  Chinese  who  had  \isited  it  had  stated  that  the  ore  was  superior 
to  that  at  Junk  Ceylon,  an  island  off  the  coast  of  the  Malayan  Peninsula. 
Dr.  Heifer  apparently  refers  to  this  locality  under  the  name  Palow,  but  it 
may  be  that  it  is  a  place  a  little  further  south.  He  also  mentions  Womboo 
to  the  north  of  Mergiii. 

In  throe  tributivrics  of  the  Palouk  river,  named  Koosheolo,  Walaoh,  and 
Natheechoung,  IS  miles  from  the  village  of  Palouk,  Mr.  Fryar  obtained 
evidence  of  the  existence  of  an  abundant  supply  of  stream  tin  in  what 
he  considered  to  be  profitable  quantity.  There  are  no  working^  there  at 
present,  owing,  it  is  said,  to  the  dearth  of  inhabitants. 

Muiooi,  Lat  1%"  20'  N  ;  Long.  98^  35'  E.— A  bed  of  quartzow 
sand,  which  includes  large  pebbles  on  the  island  upon  which  Mergui  is 
built,  contains  stream  tin  in  small  quantity ;  it  used  formerly  to  be  worked, 
according  to  Dr.  Heifer  ;  and  Mr.  Fryar  states  that  it  used  even  to  be 
worked  in  gardens  in  the  town  itself. 

1  L«ttor  and  Beport«  to  tlte  Chiof  Comm'urfoncr  ol  Brituh  BuroM,  17th  VtoeaAm 
1871,  Ac. 

'  dlooniugfl  iu  Science,  VoU  I,  p.  143. 
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King's  Islaitd  between  Lats.  12^  19'  and  12'  42'  N. ;  Long.  98'  9°.— 
Dr.  Heifer  mentions  that  he  had  heard  reports  of  the  existence  of  tinstone 
on  King's  and  Domel  Islands,  and  Mr.  Fryar,  who  visited  the  former, 
found  stream  tin  in  the  bed  of  the  Kitan  river  near  the  sea,  and  8  or  10 
miles  from  the  hills,  so  that  he  concludes  that  a  large  quantity  is  obtain- 
able since  there  have  never  been  workings  there. 

Kahan  Hill.— Captain  (now  General)  Tremenhere  has  in  several 
papers  described  the  tin  deposit  at  this  locality,  and  his  operations  in 
reference  to  its  exploitation.  The  spot  where  the  tin  was  found  is  situated 
near  the  Tenasserim  river,  about  11  miles  from  Mergui  town. 

Captain  Tremenhere  '  described  the  tin  as  occurring  in  a  vein  of  de« 
composed  granite  which  penetrated  sandstoDe ;  this  geological  anomaly 
in  itself  suggests  that  there  was  some  mistake,  and  an  investigation 
carried  out  by  Mr.  Fryar  in  the  year  1872  showed  that  the  deposit,  which 
bad  been  originally  found  at  the  bottom  of  a  well,  consisted  of  stream 
tin  in  a  bed  of  friable  micaceous  felspar,  and  as  a  similar  bed  is  inter- 
stratified  with  the  sandstone  at  the  top  of  the  hill,  it  is  concluded  that 
the  lower  one  consists  of  the  same  materials  brought  down  by  the  wash 
of  the  rain  and  re-formed.  In  the  year  1842,  alwut  12J  cwta.  of  ore 
were  raised  here  by  Captain  Tremenhere.  ]Mr.  Fr}'ar's  opinion  is  that 
the  tin  is  too  thinly  disseminat^id  in  the  bed  to  make  it  probable  tliat  it 
would  pay  to  work  it ;  and  that  it  would  be  more  proGtable  to  work  the 
recent  pluvial  accumulations  of  debris  at  the  foot  of  the  hill. 

TiiEANDAW,  Lat.  12°  20';  Long.  99"  15'.— This,  which  is  a  river 
tributary  to  the  Great  Tenasserim,  is,  as  suggested  by  Mr.  Fryar,  identical 
with  Thengdon,  which  in  1841  was  considered  by  Captain  Tremenhere* 
to  be  one  of  the  richest  sources  of  tin  in  the  whole  district ;  but  although 
there  were  many  old  pits  there,  nothing  was  being  done  at  the  time  of 
his  visit,  and  the  same  was  the  case  when  Mr.  Fryar  went  there 
in  1871. 

Thawbawlbek  Riveb,  Lat.  12^  4'  N. ;  Long.  99°  20^  E.— In  this 
river,  which  is  a  tributary  of  the  Ta-Ket,  which  is  again  a  tributary  of 
the  Little  Tenasserim,  there  are  and  have  been  for  many  years  some- 
what extensive  washings  for  stream  tin.  Channels  are  made  in  the 
bed  of  the  river,  and  the  water  turned  into  them,  and  with  an  ingenious- 
ly made  cane  shovel  the  large  boulders  and  pebbles  are  lifted  out,  and 
the  tin  sand,  which  is  sifted  by  the  stream,  is  ultimately  recovered  by 
band- washing  in  small  conical  wooden  dishes. 

'  Joar.  Aj.  8oc.  Bcngd.  Vol.  XI,  p.  811,  with  a  plan. 

'  Jour.  As.  Soc.  Bengal,  VoL  X,  p.  8-16,  where  Thengdon  b  «iid  to  bo  a  misprint  fo» 
Thengdaw. 
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Mr.  Fryar  mentions  two  other  localities,  Belamo  and  Seboopela,  in 
this  neighbourhood  or  general  tract  where  ore  was  or  had  formerly 
been  obtained.  The  tin-workers  at  the  last-mentioned  earned  as  mach 
iifi  Ke.  1  a  day.  Another  locality  in  this  region,  mentioned  by  Captain 
Tremenhere/  is  Zahmon  in  the  Nunklai  district^  about  20  miles  south- 
south-east  of  Mcrgui.  The  ore  is  of  dark  colour  and  inferior  quality, 
owing  to  the  presence  of  wolfram.     An  analysis  of  this  ore  gave— 

Iron .  4-69 

ToDgstic  acid                                           ...        .  2016 

Sulphnr 1*37 

Earthy  residue  and  tin 64'4R 


Total    . 


lOO* 


The  tin  manufactured  from  the  ore  of  this  locality  sold  for  10  per 
cent,  less  than  that  produced  at  Kahan. 

Yaonak,  Lat.  11°  30'  W.  ;  Long.  98°  48'  E.— This  locality  is  70 
miles  south  of  Mergui.  The  river  bearing  the  above  name  is  only  naviga- 
ble at  high  tide  and  by  the  smallest  boats.  The  tin  washings  are  2  or  S 
miles  up  the  river,  and  are  only  worked  during  the  rains.  There  are 
about  twelve  washers,  and  the  ore  is  taken  to  Bopyng,  where  it  is  sold  for 
Rs.  8-8  per  j)ee,  equal  to  about  £36  per  ton.  The  earnings  of  each  man 
during  the  season  average  Ks.  100. 

BoPYNG,  Lat.  IP  15'  N. ;  Long.  98'  48'E.— Is  30  miles  round  the 
coast  south  from  Gagnay ;  the  village  is  10  miles  up  the  river,  and  the 
principal  washings  6  miles  further  up.  There  were  here  four  Chinese 
and  three  Shan  employers  of  labour.  The  coolies  received  from  Re.  10  to 
Rs.  15  a  month,  and  a  good  workman  could  obtain  %  viss,  or  7*3  lbs.  of  ore 
by  washing  in  a  day.  There  was  a  small  furnace  here  belonging  to  one  of 
the  Chinese,  to  which  the  others  brought  their  ore  and  paid  at  the  rate 
of  Rs.  40  a  ton  for  permission  to  smelt.  A  sample  of  tinstone,  which 
Mr.  Pryar  saw  here,  and  which  had  been  brought  from  a  hill-side 
eeveral  miles  further  inland,  led  him  to  conclude  that  an  actual  lode 
might  exist  in  the  hills. 

Kalathooree,  Lat.  10**  52'  80°  N. ;  Long.  98°  45'  E.— Is  80  miles  by 
the  coafit  from  Bopyng.  There  are  thirteen  separate  washings,  but  not 
more  than  fifteen  men  are  employed.  There  were  only  five  houses  occu- 
pied when  the  village  was  visited  by  Mr.  Fryar,  and  the  falling-off  in  the 
population  was  thought  to  be  probably  due  to  a  diminished  supply  of  ore. 

•  Jour.  At.  Soc.  Bengal,  Vol.  XI.  p.  M7. 
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The  earnings  were  much  the  same  as  at  Bopyn».  The  tin-bearing 
stratum  is  about  3  feet  thick,  and  underlies  4  feet  of  dark-coloured  soil. 

Chouno  Tanoitno,  Lat,  10°  50' ;  Long.  95°  40'.— Is  4  milee  south 
from  the  Kala  Thooree  estuary,  and  the  washings  are  from  8  to  10 
miles  up  the  river.  The  cutting  into  the  river  bed  was  242  feet  wide. 
All  the  labourers,  averaging  a  dozen,  were  Chinese,  and  the  outturn  in 
one  year  was  between  four  and  five  tons  weight  of  tin  pigs  which  were 
sent  to  the  Mergui  market. 

Mr.  Fryar's  description  of  the  smelting  furnace,  which  applies  also  to 
those  at  other  localities,  was  as  follows:  The  furnace  is  built  of  clay  and 
strengthened  and  supported  by  upright  iron  bars,  which  are  bound  U) 
the  clay  by  iron  hoops.  The  blast  is  produced  by  a  long  wooden 
cylinder  and  piston  moved  Imck  wards  and  forwards  by  manual  labour. 
The  tapping  hole  is  kept  oi>en,  and  the  molten  tin  is  accurnulat-cd  in  a 
well,  till  there  is  sufficient  to  ladle  out  and  cast  into  a  pig.  For  each  ton 
of  metal  from  1*9  to  2  tons  of  tinstone  are  required.  At  different 
localities,  however,  the  percentage  obtained  varies  from  5iJ  to8H  [wr  cent. 
One  furnace  worked  by  six  men  prodaoes  400  lbs.  of  tin  in  the  24  hours. 
The  slags  are  passed  through  six  times  before  being  thrown  away, 

Mr,  Fryar  estimated  that  at  Lanya  the  profit  per  ton  of  metal  wa8 
£38  14  0,  which  was  arrived  at  as  follows  : — 


Cost  of  tinstone  for  1  ion  of  mfltal 
Furnace  expenaee 
Carriage  to  Merj^oi 


£48    10    0 

10      0     0 

1     W    0 


£60      0    0 


Price  received  from  mei'chants  at  Mergui,  £98  14. 

Pakohan,  Lat.  10-  28';  Long.  98"^  10'. — This  villuge  is  situaled  about 
40  miles  up  the  Pakchan  river.  Tin  sand  is  obtained  at  a  place  three 
days'  journey  from  Pakchan.  Sixty  men  are  employed,  and  all  is  sent  to 
Ma-lee-won  furnace  for  smelting.  Between  this  and  Ma-lee-won  there 
are  several  other  localities  where  tinstone  is  washed  for. 

At  Rhenoung,  in  Siamese  territory,  on  the  opposite  side  of  the  Pak- 
ohan, there  are  also  tin  works.  The  sand  is  brought  on  elephants  from 
the  sti'eam  a  day's  journey  off,  and  2,000  men  are  engaged  in  tin-getting, 
according  to  Mr.  Fryar.  This  locality  was  also  visited  by  Br.  Oldham,' 
who  was  much  struck  with  the  system  adopted  by  the  proprietor  oi 


'  Selections  from  Recordf,  Govorumcut  of  India,  Vol.  X,  p.  67. 
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Governor,  an  old  Chinaman.  Everything"  was  most  orderly  ;  the  fee<]ing 
of  the  men  being  no  less  bo  than  the  preparation  of  charcoal  for  the 
furnaces  and  the  shipping  of  the  metal  to  Penang. 

Ma-lee-wow,  Lat.  10^  12';  Long.  98°  40'.— This  village  is  eituated 
on  a  tributary  of  the  Pakchan  river,  and  it  is  the  most  southern  of  the 
localities  in  Tenasserim  where  tin  is  worked  for;  the  principal  washing  is 
8  miles  from  the  village,  and  when  visited  by  Mr.  Frysu-  there  were  about 
70  Chinese  coolies  employed.  The  river-bed  is  300  feet  wide,  and  the 
tin«beanng  stratum  is  from  15  to  S7  feet  beneath  the  surface^  and  is  only 
itself  2  feet  thicJc,  bat  it  is  very  valuable  for  the  amount  of  tin  sand 
which  it  yields.  The  lessee  Tsit  Tsohan  employed  altogether  200  men  at 
different  localities,  and  apparently  derived  a  large  income  from  the  indus- 
try and  from  tolls  levied  on  sub-lessees.  Between  the  years  1860  and 
1870  the  annual  rent  for  Ma- lee- won  mines  charged  by  Government  was 
£272. 

Al)out  the  year  1873^  the  township  of  Ma-lee-won  was  leased  to 
Messre.  Steel  and  Company,  a  firm  of  Rangoon  merchants,  with  the  view 
of  nianufacturing  tin  on  a  large  scale;  it  is  stated  that  besides  the  abun- 
dant supply  of  stream  tin,  veins  of  ore  had  been  discovered  and  opened  in 
the  hills.  The  lease  was  for  30  years  at  a  ground  rent  of  £1,000  per 
annum,  which  merged  into  a  royalty  of  7  per  cent. 

During  the  year  1874-75,  )4  tons  of  cleaned  ore  and  7  tons  of  metal 
were  exported.  Machinery  was  erected  and  roads  were  openeil  out,  but 
in  1877  the  lease  was  abandoned,  as  the  expenditure  had  exceeded  the 
outturn  by  a  large  amount.  It  is  considered  doubtful  whether  after 
this  disappointing  experience  European  capital  will  ever  again  be  risked 
at  Ma-lee-won. 2  At  the  annual  rent  of  £272,  the  Chinese,  with  less 
capital  and  smaller  current  expenditure,  were  enabled  to  make  the  work 
pay  and  they  are  now  reinstalled  there  with  from  80  to  100  workers. 

In  the  year  lft77-78  there  were  apparently  in  the  whole  of  Tenas- 
serim only  12  washings  worked  by  Chinese;  for  these,  ground  rents,  vary- 
ing from  £10  to  £210,  were  paid.  The  tin  exported  was — to  Penang  203 
ewts.  valued  at  £725,  and  to  Rangoon  482  cwts.  valued  at  £1,737 ;  total 
34  tons  7  cwt.  valued  at  £2,462.  Besides  the  ground  rent  the  Chinese 
pay  a  royalty  of  5  per  cent,  on  the  market  value  of  the  tin  exported. 

The  following  table  by  Mr.  Fryar  may  be  of  use  as  showing  the  cost 
of  collecting  the  stream  tin,  but  with  the  fluctuation  in  the  price  of  tin^ 
and  with  the  uncertainty  which  still  exists  as  to  the  possibility  of  ob- 


'  AtlminiitlmiioTi  Report,  Britifb  BunuA,  1874-75. 
'  Jdem,  I»77.78,  p.  35. 
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taming  a  sufficient  supply  for  a  large  factory,  it  would  be  useless  to 
attempt  to  set  forth  the  possible  profits  which  might  result  from  European 
enterprise : — 


StfVHn  tin  worluL 


TUbawldek 

Gttgnan 

Bopyng 

Kaljttbooree 
Choung-ta  aoung 
Mft>Jee-won . 


■an.  XltOitakoTora. 


Ib«.       lb*. 


Ba.    A.  P. 


ik  to  5| 

2    0    0 

5 

3    8    0 

&    U>  71 

2    3    0 

24  to  7i 

3    3    6 

6    to  7t 

8    4    0 

H  to  6 

3    1    4 

The  price  of  ore  apparently  varies  from  £29  to  £41-5-7  per  ton. 

Titanium :  Gteneral  Remarks. — Titanium  does  not  occur  native. 
Its  most  common  mode  of  occurrence  is  in  combination  with  oxygen  and 
iron  ofi  titaniferous  iron,  menachanite  or  ilmenite.  Combined  with  oxygen 
alone  it  forms  titanic  acid,  which  is  otherwise  known  as  rutile.  It  is 
unnecessary  here  to  mention  the  other  combinations  in  which  titanium 
oc^curs,  with  calcium,  silica,  Sec. 

The  precise  effect  of  titanium  when  present  in  iron  is  somewhat 
obscure-  As  much  as  1  per  cent,  occasionally  occurs  in  i>ig-iron  and 
gives  strength  to  the  metal;  and  wrought-iron  or  steel  is  of  better 
quality  when  made  from  pig  of  this  character^  but  as  the  titanium  is 
then  no  longer  present  in  the  metal  its  influence  must  be  produced  by  some 
indirect  action. 

It  is  believed  that  the  good  quality  of  some  varieties  of  iron  produced 
in  India,  by  the  direct  process,  is  attributable  to  the  presence  of  titanium 
in  the  ores  from  which  they  are  made.  Ores  containing  8  per  ceut.  and 
upwai'ds  of  titanic  acid  are  refractory  and  difficult  to  smelt,  and  it  is  on 
this  account  that  the  unqualified  statement  is  sometimes  made  that  the 
presence  of  titanium  in  iron  ores  is  injurious. 

The  distribution  of  titaniferous  iron  ores  in  India  is  not  very  well 
known.  But  it  is  probable  that  with  the  bhick  magnetic  iron  sands 
which  are  found  in  the  beds  of  streams  traversing  the  metamorphic  rocks 
at  intervals  all  over  the  peninsula,  more  or  l^s  titaniferous  iron  would 
generally  be  found  to  be  associated. 

Bengal.— -In  the  south-eastern  portion  of  the  district  of  Manbhum 
in  Bengal^  more  espocially  in  the  neighbourhood  of  the  village  and  thanna 
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of  Suptir,  largre  mosBes  of  ilmenite  are  sometimes  to  be  seeu  weathered  oat 
from  thequjirtz  veiuB  and  lying  strewn  over  the  surface  ;  occasionally  too 
lamellar  plates  or  seams  have  been  seen  there  in  titu  in  quartz  veins. 

Rajputana  :  Alwar  State. — According  to  Mr.  Hacket,*  rutile  or 
titanic  acid  occurs  in  some  quartz  veins  which  traverse  the  Arvali  rocks 
of  the  Motidongri  range,  a  short  distance  south  of  Alwar. 

Cobalt  :  Gteneral  Remarks.— Cobalt  is  not  found  native.  Its  prin- 
cipal modes  of  occurrence  ai"e  in  various  more  or  less  complex  combina- 
tions with  sulphur,  arsenic,  and  alloyed  with  nickel.  It  also  combines 
with  carbon  and  [phosphorous. 

But  two  or  three  localities  are  known  in  peninsular  India  where  ores 
of  cobalt  are  found.  These  are  at  Babai,  Bagor,  Singhana,  and  perhaps 
some  of  the  neighbounng  mines  in  the  Jaipur  State  in  Rajputana. 
Samples  ofcobalt  ores  have,  however,  been  received  from  two  of  the  extra- 
peninsular  regions,  namely  Nepal  and  Burma. 

Rajputana :  Jaipur  State :  Babai,  Lat.  IV  53';  Long.  W  49'.— 
An  ore  of  cf*t)ult  culled  mila  or  sehta  has  long  been  known  to  the  natives 
as  occurring  in  the  copper  mines  near  Babai  and  Bagor  in  Jaipur,  8 
and  2  miles  rejqiectively  south  of  the  mines  at  Khetri.  The  first  pub- 
lished notice  of  it  appeared  in  the  year  1831  by  a  writer  who  simply  signed 
himself  A.  E."^  (?  Captain  Boileau).  He  described  it  as  a  line  grey  sand 
resembling  iron  , filings.  It  was  sold  at  the  mines  for  from  Ks.  40  to 
Bs.  iOU  per  maund,  and  was  used  for  colouring  glass  bangles. 

In  the  year  1845  a  mineral  from  Jaipur  (misnamed  in  the  original 
Sycpoore)  was  described  by  Mr.  J.  Middleton'  as  a  sulphide  of  coba!t» 
and  for  it  the  name  Syepoorite  was  proposed  by  Nicol  in  his  Manual  of 
Mineralogy.  Mr.  Mallet  *  has  recently  suggested,  but  with  all  due 
caution,  a  doubt  as  to  the  accuracy  of  the  original  analysis.  If  it  should 
prove  to  have  been  inaccurate,  it  will  perhaps  be  a  consolation  to  those 
mineralogists,  to  whom  the  possession  o£  a  sample  of  this  cobalt  sulphide 
has  long  been  an  object  of  desire^  to  know  that  neither  it  nor  Sycpoore 
tiver  bad  any  existence,  lliis  is  one  of  those  eases,  however,  where  the 
proof  of  a  negative  is  so  difficult. 

The  mineral  known  as  saita^  has  been  partially  analysed  with  the  aid 
of  the  blowpipe  by  Major  Ross,  and  more  recently  a  full  analysis  by 


»  Reoordii.  O.  «.  I.,  VpL  XIII,  p.  249. 

»  OlcaniMjra  in  Science,  Vol.  Ill,  p.  380. 

i  Procda.,  Chem.  8oc.,  Vol.  Ill,  p.  39. 

»  ncconls,  0.  S.  U  Vol.  .XIV,  p,  190. 

*  ill  tho  Paiijftb,  where  it  b  tiuiiorti-d  from  J»tpur,  it  bctn  Uir  Mine  Za/ffV. 
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Mr.  Mallet  has  clearly  demonstrated  that  it,  or  rather  one  part  oF  it,  has 

u  complex  composition  as  follows  : — 

Snlphur         .  19- 16 

Arsenic          .  4387 

Antimony      ........  tr* 

Cobalt 2S-30 

Nick*?] ...  tr. 

Iron               7«3 

Gangiie         .         .                          '80 


This  mineral  occurs  in  crystals  which  are  modiiicationa  of  the  cuU*, 
and  Mr.  Mallet  has  determined  it  to  be  cobaltite.  A  distinct  minerul 
which  occurs  with  it,  but  which  is  separable  by  its  crystal  lino  form 
(orthorliombic),  he  has  determined  to  be  danaite  or  arseno-pyrite  with 
cobalt.  Jaipurite,  as  originally  described,  has  therefore  not  been  met  with 
hyhina^buthe  suggests  that  possibly  Mr.  Middleton's  ore  may  have  been 
from  a  different  mine. 

The  uses  of  this  iaiia  have  been  already  referred  to.  In  the  "  Rajputana 
Gazetteer"  it  is  said  to  have  been  formerly  extensively  used  for  t;olouring 
enamels  and  bangles  blue,  and  that  it  was  capable  of  producing  a 
rose  colour  on  gold,  an  art  unknown  in  Europe.  In  the  Jury  Reports  of 
the  International  Exhibition  of  1S62,  there  is  some  account  of  the  process 
of  enamelling  on  metal,  as  practised  at  Jaipur,  but  the  production  of  the 
colours  was  a  secret  only  known  to  certain  families,  except  as  regards  the 
different  shades  of  blue,  which  are  stated  by  the  jury  to  be  produced  by 
an  oxide  of  cobalt.  This  oxide  is  doubtless  prepared  by  roasting  the 
above  described  cobaltite. 

Accordiug  to  Colonel  Brooke, '  the  present  price  of  taita  is  Rs.  50 
for  a  Jaipur  maund  of  53  lbs.,  the  royalty  on  which  is  one- fifth.  Not  more 
than   2U0  lbs.  is  produced  at  any  particular  mine  in  the  year. 

Nepal.— A  specimen  of  cobaltiferous  *  matt '  from  Nepal  was  found 
by  Mr.  Mallet  to  contain  11  per  cent,  of  cobalt.  Nothing  was  ascer- 
tained as  to  the  origin  of  the  materials  constituting  this  undoubtedly 
artitical  product.  It  seems  to  be  not  improbable  that  they  may  have 
been  obtained  in  the  local  copper  mines. 

British  Burma :  Tenasserim  Division.— Mr.  Theobald  states  that 
he  obtained  a  sample  of  earthy  cobalt,  with  which  manganese  was  asso- 
ciated, from  the  neighbourhood  of  Henzai.^     It  was  a  nodular  mass  of  a 

*  Jour.  As.  Soc.  Bengal,  Vol.  SXXIIl.  p.  624. 
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black  colour,  enveloped  in  white  clay,  not  more  than  an  ounce  weight  alto- 
gether. 

Nickel :  General  Remarks. — There  are  many  ores  in  which  nickel 
is  a  constituent.  It  occurs  in  combination  with  sulphnr,  arsenic,  antimony, 
carbon,  and  silica  j  it  is  an  essentia!  component  of  certain  ores  of  cobalt,  and 
is  oft«n  found  in  pyrrhotite  or  magnetic  pyrites.  The  metal  nickel  is 
principally  used  in  the  manufacture  of  German  silver,  and  of  late  years 
the  demand  for  it  for  this  purpose  has  increased ;  the  annual  outturn 
(in  1874)  being  limited  to  about  600  tons,  the  priee  within  a  few 
years  rose  from  4  to  11  shillings  per  pound.  At  present  it  costs  only  3 
shillings  per  pound.  One  of  the  present  sources  of  supply  is  a  siUcate 
calle<l  garnierite,  which  is  worked  to  some  extent  in  New  Caledonia. 

In  India  traces  of  nickel  have  been  foimd  in  several  ores,  especially  in 
those  in  which  cobalt  also  occurs  in  the  mines  in  Rajputana.''  Recently 
Mr.  Mallet  found  that  both  cobalt  and  nickel  were  present  in  pyrrhotite 
from  the  Khetri  mines,  and  in  the  iron  ores  from  Bhangarh  there  were 
liaees  of  nickel. 

Traces  of  nickel,  in  association  with  copper,  have  also  been  found  by 
Mr,  Mallet'  to  occur  in  the  veinstone  in  which  the  Kandahar  gold  occurs. 

Manganese:  General  Remarks. — ^The  ores  of  manganese  are 
numerous,  and  they  are  somewhat  widely  disseminated,  though  their 
occurrence  in  quantity  locally  is  rather  unusual.  The  commonest  ores 
are  manganite  or  the  grey  oxide ;  wad  or  the  earthy  protoxide ;  pyrolusite 
or  the  black  peroxide;  psilomelane  a  combination  of  the  oxide  with  baryta  ; 
hausmanite  or  peroxide  occurring  with  other  ores  of  the  metal ;  and  brau- 
nite  or  binoxide  in  combination  with  iron  peroxide,  silica,  and  magnesia. 

The  principal  sources  of  manganese  ores  are  perhaps,  in  the  majority 
of  cases,  situated  in  the  older  crystalline  or  metamorphic  rocks,  still  they 
sometimes  occur  in  younger  sedimentary  and  unaltered  rocks.  In  India 
indeed,  as  will  be  seen  below,  a  not  unfrequent  source  is  laterite,  thoogh 
in  such  a  rock  the  deposits  can  scarcely  be  expected  to  be  very  con- 
stant over  large  areas.  It  is  possible  that  manganese  is  much  more 
abundant  in  this  association  than  is  generally  thought,  as  on  the  weathered 
surface  it  resembles  ordinary  laterite  and  might  easily  escape  detection. 

The  uses  to  which  the  ores  of  manganese  are  put  in  the  Arts  are  some- 
what varied.  They  are  extensively  employed  in  glass-making  and  staining; 
in  the  preparation  of  enamels ;  painting  and  glazing  pottery ;  and  in  the 

»  BecordM,  O.  S.  I..  Vol,  VI.  p.  95. 

'  Irl^m,  Vol.  XIII.  !>.  248. 

*  Mtfw.,  G.  S.  I.,  Vol,  XV III.  p,  66. 
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production  of  oxygen,  chlorine  and  calcium  chloride.  Of  late  years  their 
employment  in  the  manufacture  of  iron,  and  steel  by  the  Bessemer  procefls, 
the  latter  especially,  has  worked  a  marvellous  change  in  the  iron  tnide. 
The  ipiegd  eUen  of  Germany,  which  is  the  form  in  which  the  manganese 
is  generally  applied  to  the  purpose,  is  either  prepared  by  an  artificial 
mixture  or  by  the  use  ol  frauklinite,  an  ore  of  iron  which  contains 
manganese.  The  effect  of  the  addition  of  10  per  cent,  of  spiegel  riten 
to  the  charge  in  the  Bessemer  converter  is  to  replace  the  carbou  which 
has  been  consumed.  The  silica  in  the  iron  becoming  oxidised  too  com- 
bines with  the  oxide  of  manganese  and  forms  a  (luid  slag. 

The  ores  of  manganese  were  also  employed  in  the  production  of  steel 
by  the  methods  invented  by  Mushet  and  Heath  respectively.  Various 
highly  carbonised  comix>und3  of  iron  and  manganese  have  been  recently 
proposed,  and  in  some  cases  adopted,  as  substitutes  for  Hjtiegel  risen. 

Madras. -^According  to  Dr.  Balfour,  ores  of  manganese  occur  in  the 
following  districts  and  States;  but  the  amount  of  authentic  information 
as  to  the  nature  and  extent  of  the  deposits,  respectively,  is  very  limited  : 
Nilgiris,  Mysore,  Kadapah,  Karnul,  Bellary,  Vizagapatam,  Hyder.ibad. 

Nilgiris. — Major  H.  Cougreve  states  that  he  obtained  an  ore  o£ 
manganese  in  combination  with  iron  at  Kunur,  and  Captain  Newbold* 
mentions  that  it  had  been  found  by  General  CuUen  and  Dr.  Benza  in 
some  iron  ore  near  the  lake  at  Ootacamund  and  in  the  Kaiti  valley,  but 
evidence  that  it  is  abundant  at  either  of  these  localities  does  not  appear 
to  have  beon  published.  The  same  remark  also  applies  to  the  occurrence 
of  a  probably  similar  ore  in  Mysore,  to  which  early  reference  was  made 
by  Sir  W.  Ainslie  in  his  *  Materia  Medica  of  Hindustan.' 

Vizagapatam  District. — Specimens  of  manganese  ores  from  Vizia- 
nagram  and  Bimlipatam  were  received  from  Dr.  A.  Hunter  of  Madras 
by  Dr.  A.  J.  Scott,  who  made  an  analysis  of  them  in  Edinburgh, 
obtaining  the  following  results  : — * 

VlziifrapiiUm.  RimlipnUm, 
Silica     ....        8*3  909 

Perox'de  of  iron     .  12*91  1172 

MAgiiesiii  .      2:)39  0-6S8 

Liroe 1*2U 

Rt><1  oxide  of  tnanf^anene      73*786  76177 
Oxygeo .                                1-864  0  655 

Water    .        .  0-639  0-432 


99735  =  Mn.  53-428"/,  l>9-0ftC  ^  Mn.  64  J>2«''/, 


»  Madras  Jour,  of  Lit.  and  Sei.,  Vol.  XXII,  p.  2S3. 

*  fidiabor^h  Ne«T  PLUotopbicoi  Journal.  Vol.  LI  11,  i>.  277. 


826 


JY  Ol'  INDIA— MA.NdANES 


TChap.  TO. 


The  Vizagapatam  ore,  which,  according  to  the  above  onalyris,  is  con- 
sidered by  Dr.  Scott  to  approximate  most  nearly  in  character  to  a  variety 
called  marcellin  by  Damour  from  St.  Marcellin  in  Piedmont,  is  said 
to  occur  in  large  irregular  masses  of  several  tons  weight.  Its  specili* 
gravity  is  4"50.     Dr.  Scott  supposes  the  including  rock  to  be  laterite. 

Manganese  is  said  to  be  obtainable  at  Bimlipatam  for  2  annas  a 
inaund.i 

Hyderabad:  Bedab,  Lat.  17°  54';  Long.  77°  85'.— -Captain  New- 
bold  recorded  that  he  found  manganese-and-iron  ore  in  veins  in  the 
laterite  which  forma  the  cliffs,  16  miles  west  by  north  from  Bedar,  in  the 
Nizam's  territories  and  close  to  the  line  of  junction  between  that  rock 
and  the  trap  upon  which  it  rests.  These  veins  traverse  the  laterite  in 
all  directions,  giving  rise  to  a  reticulated  appearance.  It  seems  from 
the  description  that  although  the  veins  are  thin,  a  large  quantity 
of  ore  might  be  obtained  there,  but  as  to  its  quality  nothing  is  yet 
known. 

Bengal :  Singhbhum  District. — Manganiferous  limonite  is  found 
in  some  abundance  in  the  neighbourhood  of  Chaibassa,  in  Singhbhum.* 
Should  the  projected  line  of  railway  to  the  Central  Provinces  be  mivde  in 
that  direction,  it  is  conceivable  that  these  ores  might  be  brought  to  mix 
with  those  of  the  Raniganj,  The  amount  of  manganese  contained  in 
them  has  not  yet  been  ascertained,  but  of  the  ores  there  is  an  unhmited 
supply. 

Central  Provinces :  Jabalpur  District :  Gosalpue,  Lat  23°  23' 
30" ;  Long.  80°  7'. — A  deposit  of  manganese  ore,  in  the  neighbourhood 
of  Gosalpur,  has  long  been  known  to  the  natives,  as  it  was  formerly 
worked  by  some  local  glass-blowere,  but  it  does  not  appear  to  have  ever 
been  exported.  In  the  year  1875  Mr.  "W.  G.  Olpherts,  C.E.,  brought 
its  existence  before  the  notice  of  the  Government,  and  subsequently  an 
early  opportunity  was  taken  by  Mr.  Medlicott  of  examining  it.  He 
found  that  it  occurred  somewhat  obscurely  in  laterite,  but  did  not  form 
either  a  regular  lode  or  vein,  nor  was  there  any  apparent  connection 
between  it  and  the  underlying  transition  rocks.  The  laterite  is  appa- 
rently oE  the  older  non-detrital  type,  and  it  was  considered  that  the 
manganese  was  innate.  Mr.  Medlicott  saw  no  reason  for  doubting,  in 
spite  of  the  iiTegular  mode  of  occurrence,  that  a  large  supply  of  the  ore 
might  be  obtainable  at  this  locality. 


'  Vizn^pntam  District  Munnat,  p,  155. 
-  Jour.  Aa.  Soc.  B«»giil,  Vol.  XIII.  p.  992. 
»  MeiiJ,,  U.  i^.  U  Vol.  XVlll.  Port  11,  p.  87. 
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Mr.  Mallet's  analysis*  of  a  sample  gave  the  following  result  :~^ 

Mangoneie  calculated  m  protofie»qai« 

oxide 

75*86  =  metallic  mangaiMN  £406 

Oijgen 

0-96 

Iron  »e»quioxiae  with   tracti  of   alu- 

mina    .....* 

4-53 

Baryta 

3*65 

Fboephoric  acid        .        ,        .        . 

•28 

Insoluble  in  bjdroolilorio  acid  . 

274 

Combined  water        .... 

2*41 

Hygroscopic  water    .... 

•28 

Total 

99'61 

The  ore  conaista  of  dark  steel-gray,  finely  crystalline  pyrolnsite,  with 
a  varying  proportion  of  psilomelanej  but  the  latter  is  absent  in  some 
specimens.  The  available  oxygen  is  16'25=83'00  of  peroxide,  which 
is  therefore  about  as  much  above  the  average  as  that  in  the  Nagpnr  ore 
is  below  it.  "With  reference  to  the  presence  of  baryta  in  this  ore,  Mr. 
Mallet  mentions  that  baryta  occurs  in  some  abundance  at  Imlia  near 
Sleemanabad,  20  miles  north-east  of  Gosalpur, 

Nagpur  District. — ^The  existence  of  manganese  ores  in  the  metamor- 
phic  rocks  north  of  Nagpur  appears  to  have  been  first  alluded  to  by 
Captain  Jenkins^  and  Dr.  Voysey.*  The  former  merely  states  that  a  rich 
black  oxide  is  abundant,  and  the  latter  that  a  foliated  black  ore  occurs  in 
great  quantity  associated  with  metamorphic  rocks,  which  are  seen  at 
Nayalvhund,  Parsuni,  and  in  the  bed  of  the  Pesh  river.  Later  and  more 
definite  information  gives  exact  localities  in  this  region. 

Kamtek,  Lat.  21°  24' j  Long.  79=*  21'.— Three  miles  west  of  Ramtek, 
and  on  the  south-east  side  of  the  Munsur  trigonometrical  station,  a  hill 
about  20  miles  north-east  of  Na^^pur,  there  is  an  outcrop  of  manganese 
ore  which  was  brought  to  notice  by  Lieutenant  R.  E.  Oakes  in  1859,  and 
has  more  recently  been  described  by  Mr.  Wilson,  Executive  Engineer  of 
the  Kanhan  Division,  as  being  10  feet  thick  and  traceable  in  a  north-west 
to  south-east  direction  for  a  quarter  of  a  mile.  A  sample  of  about  20  lbs, 
of  the  ore,  which  was  forwarded  by  Mr.  W.  Ness,  has  been  analysed  by 
Mr.  Mallet,^  who  found  that  it  consisted  of  finely  granular  and  indistinct* 
ly  crystalline  braunite  with  included  rhodonite.     On  analysis  the  specimen 

'  Records,  G.  8.  I^  Vol.  XIl,  p.  09. 
5  As,  Km.,  Vol.  XVIII.  Pt.  I,  p.  198. 
»  Jdtm,  p.  127, 
*  kecortb,  U.  S.  I.,  VoU  XU.  p.  7¥. 
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yielded  the  following  results,  the  manganese  being  all  estimated  as  sesqui- 
oxide : — 

Manganese  sesqaiozide 78*64  79*39 

Iron 9-78  9*87 

Lime 1*20  1-21 

Magnesia tr.  tr. 

Oxygen  in  excess  of  that  required  for  M,  O3    .  1*65  1*67 

Silica 6-00  606 

Phosphoric  acid '21  '21 

Combined  water 2*61  2*63 

Hygroscopic  water *60 

Disseminated  rhodonite *36 

101-04      101-04 

In  the  second  column  the  composition  is  given  exclusive  of  moisture 
and  the  rhodonite,  the  latter  being  generally  separable.  The  excess  of 
oxygen  and  the  presence  of  water  show  that  the  braunite  is  probably  in  a 
partially  altered  condition.  The  ore  contains  55*27  of  manganese,  and 
the  amount  of  available  oxygen  for  oxidising  purposes  would  be  about 
9*71  per  cent.,  which  is  somewhat  less  than  that  in  the  usual  commercial 
ores,  which  ranges  from  11  to  14  per  cent. 

KoDAiGOWHAif,  Lat.  21°  24'  25" ;  Long.  79°  1'  20*.— A  deposit  of  ore 
similar  to  the  above  was  discovered  by  Mr.  W.  T.  Blanf ord  in  the  year 
1872  at  Kodaigowhan,  20  miles  to  the  west  of  Munsur. 

Berar  Wun  District :  Malagarh. — An  impure  ore  of  manganese 
has  been  described  by  Mr.  Hughes*  as  occurring  in  botryoidal  masses 
in  the  red  clays  of  the  Kamthi  series  round  Malagarh.  Its  composition 
was  as  follows  : — 

Manganese  oxide 44*6 

Iron  and  alumina 6'8 

Sand  and  clay 40*1 

Loss  on  heating 8*5 

1000 

Nothing  is  known  certainly  as  to  the  abundance  of  this  ore,  but  from 
its  described  mode  of  occurrence  the  quantity  to  be  found  in  a  given 
number  of  cubic  feet  of  rock  would  probably  be  very  inconstant.  As 
to  its  value  the  high  percentage  of  impurity  would  perhaps  render  it 
unusable,  and  the  amount  of  available  oxygen  would  probably  be  incon- 

»  BecoTds,  G.  S.  I.,  Vol.  VII,  p.  125. 
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siderable,   but  (be  amount  of  tbis  cannot  be  estimated  from  the  above 
mthout  tbe  exact  nature  of  the  oxide  is  first  known. 

Amraoti  District;  Peepul  Cottah  obPimpul  Koonta,  Lat,  21" 
16'  N. ;  Long.  78°  4'  E. — It  seems  advisable  to  place  on  record  here 
the  circumstances  connected  with  a  discovery  of  specimens  of  manganese 
ore  containing  80  per  cent,  of  oxide  of  manganese  at  the  above  locality, 
aa  the  circumstance  was  considered  to  be  of  importance  at  the  time  and 
gave  rise  to  no  little  correspondence. 

The  result  of  the  enquiry  which  was  set  on  foot  by  the  local  officials 
was  that  the  broken  fragments  of  ore  which  had  been  found  at  a  short 
depth  beneath  the  surface  inside  the  village  had  been  brought  from  some 
unknown  locality  by  the  former  inhabitants. 

Rewah :  Bast. — An  impure  manganese  from  Basi,  in  the  South  Rewah 
coal-field,  which  was  obtained  by  Mr.  Hughes,  contains  a  large  amount  of 
insoluble  matter,  some  iron,  and  a  trace  of  cobalt.  According  to  Mr. 
Mallet  it  appears  to  be  an  impure  psilomelane. 

Rajputana :  Alwar  State :  Bhanoarh,  Lat.  Zl^,  V;  Long.  76''  22'.— 
In  the  iron  mines  at  Bhangarh  a  mixture  of  limonite,  magnetite  and 
oxide  of  manganese  is  found,  according  to  Mr.  Hacket/  which  contains 
6967  per  cent,  of  iron  and  12*7  of  manganese. 

Bundi  State:  Datunda,  Lat.  25'  27';  Long.  75°  30'.— Small 
veins  of  oxide  of  manganese  occur  in  fault  rock  near  Datunda;  according 
to  Mr.  Hacket  these  have  not  been  worked. 

Bombay :  Dharwar  District :  Wodoobti.— At  this  locality,  which 
is  in  the  Kappatgode  range,  Captain  Newbold*  visited  some  old  excava- 
tions, which,  according  to  his  informants,  had  been  made  by  the  agents  of 
Hyder  and  Tipu  in  the  search  for  ooal  (?) .  He  found  among  the  metamor- 
phic  strata  there  a  dark  rock,  which  was  internally  of  a  bluish-black 
hue,  tough  and  powdery  under  the  hammer.  It  contained  numerous 
veins  and  nests  of  a  shining  foliated  mineral  of  an  iron-grey  colour,  &c. 
He  concluded  that  the  mineral  was  bla^k  oxide  of  manganese  in  com- 
bination with  iron,  and  probably  a  little  sulphur  and  alumina.  There 
does  not  appear  to  be  any  recent  account  of  this  deposit. 

British  Burma ;  Tenasserim  District :  Thugoo. — Captain  Tre- 
menhere,"  in  the  year  1841,  described  the  occurrence  of  manganese  ores  at 
three  localities  in  the  vicinity  of  the  Great  Tenasserim  river.  These  are 
situated  respectively  on  the  bank  of  the  Thugoo  stream,  which  enters  the 

Reoordu.  O.  8.  I.,  Vol.  X,  p.  91. 

Joar.  Roy.  An.  Soc.,  Vol.  VII.  p.  212 ;  MaAeM  Jour,  of  Lit.  and  8oi.,  Vol.  XI.  p.  44. 
Jour.  As.  Soc.  Bengal,  Vol.  X.  p.  862  ;  Cal.  Jour.,  Nat,  Hut,  Vol.  III.  p.  66.     Sclcc- 
tioni  from  Records,  Bengal  Govcrnrnont,  No.  VI,  p.  12. 
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Tenasserim  17  miles  below  the  coal  site,  on  the  Tlierabuen  stream,  5 
miles  above  the  Thugoo,  and  from  an  intermediate  spot  where  the  Great 
Tenasserim  intersecta  an  outcrop  of  the  ore.  No  opinion  could  be  formed 
08  to  the  extent  of  the  deposit  owing  to  the  scarcity  of  stream  sections, 
and  the  thickness  of  the  vegetation,  but  it  was  thought  to  be  not  improbable 
that  a  bed  of  ore,  several  square  miles  in  extent,  existed,  which  united  all 
these  localities,  but  even  without  this  sufficient  could  be  obtained,  it  was 
believed,  at  the  three  localities  ;  the  ores  consisted  of  the  black  and  gray 
oxides  and  wad.  The  Rev.  Mr.  Mason  states  that  he  has  seen  mangani* 
ferous  iron  from  one  of  the  islands  south  of  Mergui. ' 

Upper  Burma. — Among  some  minerals  received  from  Ava  and 
forwarded  by  Major  Burney,  Mr.  J.  Frinsep*  found  a  sample  of  black 
oxide  of  manganese  with  earthy  fracture  and  shining  mammillated 
surface.    Nothing  is  known  as  to  the  mode  of  occmrence  of  this  ore. 

Chromium :  General  Remarks.— This  metal  is  found  in  chrome 
ochre,  consisting  simply  of  the  sesquioxidc  more  or  less  pure,  and  in 
chromite,  which  is  the  same  in  combination  with  iron  protoxide.  It  is 
also  a  constituent  of  crocoisite  or  lead  chromate,  and  in  small  quantities 
it  affords  the  colouring  principle  of  many  minerals,  as  emerald,  serpentine, 
olivine,  &c. 

The  compounds  of  chromium,  which  are  largely  used  as  pigments,  are 
chiefly  prepared  from  chromite.  Of  these,  the  yellow  chromate  and  the 
red  bichromate  of  potash  are  perhaps  the  best  known  ;  from  them  chromic 
acid,  the  green  oxide  of  chromium,  the  blue  oxide  of  chromium,  chromate 
of  lead  and  other  compounds  are  obtained  ;  these  include  among  them 
some  of  the  most  brilliant  and  valuable  pigments  among  those  which  are 
employed  in  the  arts. 

Chromite  or  chromic  iron,  wherever  it  has  been  found,  usually  occurs 
in  veins  or  masses  in  serpentine  or  in  magnesite,  and  to  this  mode  of  oc- 
currence the  only  known  cases  in  India  completely  conform. 

Serpentine  does  not  occur  in  many  parts  of"  India,  and  the  localities 
where  chromite  has  been  disfeovered  are  very  few.  In  the  peninsula 
the  recorded  details  as  to  its  mode  of  occurrence  in  the  Salem  district 
are  the  most  complete ;  in  the  Himalayas  the  most  important  dei[)osit  is 
in  Spiti. 

Madras. — The  principal  source  of  chromite  in  the  Madras  Preei- 
deocy  is  situated  in  the  Salem  district.   Captain  Newbold  *  refers  to  mora 


I  Natun]  Productioni  of  Burma,  p.  48. 
>  Jour.  As.  Soc.  Bengal^  Vol.  I.  p.  15. 
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or  less  definite  information  as  to  its  occurrence  at  Yediobicoliim,  on  tlie 
Cauvery  in  Trichinopoli,  and  in  the  vicinity  of  Hoonsoorin  Mysore.  Dr. 
Balfoor'  states  that  samples  from  Bangalore  and  Yiziaaagram  were  exhib- 
ited at  the  Madras  Exhibition. 

Salem  District:  Curpub  or  Carupur, Lat  IF 43';  Long^.  78°  11' 
E. — In  one  of  his  valuable  papers  on  the  mineral  resources  of  South- 
em  India,  Captain  Newbold  gives  an  account,  which  is  illostrated  bj  n 
diagram  of  the  mo<le  of  occurrence  of  the  chromite  in  the  mines  at  tho 
above  locality.  It  is  stated  to  have  been  first  discovered  by  Mr.  Heath 
and  afterwards  by  Mr.  Fiischer,  and  minee  were  opened  by  the  Porto  Novo 
Iron  Company.  It  is  believed  that  a  considerable  quantity  of  the  ore 
was  exported  to  England,  but  after  the  first  1 00  tons  had  been  extracted 
mining  became  difficult,  and  finally  it  was  found  that  the  export  of  the 
crude  ore  did  not  pay* 

The  principal  rock  in  the  low  hills  at  the  south-west  base  of  the 
Shevaroy  hills,  where  the  mines  are  situated,  are  hornblendic  mica  and 
talcose  schists  penetrated  by  dykes  of  basalt  and  layers  of  serpentine, 
which  last  is  intersected  by  a  perfect  network  of  veins  of  mag-nesite. 
The  chromite  occurs  very  irregularly  in  these  veins  in  lenticular  masses 
of  various  shapes  and  sizes ;  one  block  was  said  to  weigh  a  couple  of  tons. 
At  a  depth  of  f i-om  60  to  60  feet  water  became  troublesome  in  the  mines. 
It  is  not  surprising,  therefore,  that  mining  became  too  expensive  to 
be  continued  with  profit,  there  being  no  certainty  as  to  the  proportion 
which  the  chromite  bore  to  the  mass  of  rock  which  had  to  be  removed. 
At  the  same  time  the  demand  for  this  ore  was  by  no  means  unlimited, 
and  the  immediate  effect  of  throwing  the  Indian  ore  on  the  London 
market  is  stated  to  have  been  to  cause  a  fall  in  the  price. 

A  short  account  of  the  appearance  of  the  deserted  mine,  when  seen 
by  them  in  1S61,  is  given  by  Messrs.  King  and  Foote.'^  At  that  time 
the  interior  was  inaccessible. 

Mr.  E.  Solly's  report  on  the  Salem  ore,  as  quoted  by  Captain  Newbold, 
was  that  a  tolerably  pure  sample  yielded  49  per  cent,  of  chromic  oxide, 
equal  to  about  57  per  cent  of  chromic  acid,  or  cent  per  cent,  of  chromate  of 
potash.  The  ore  was  in  fact  as  good  as  could  be  desired,  and  the  only 
question  to  settle  was  whether  it  could  be  obtained  in  quantity  equally 
pure  at  a  moderate  cost. 

So  long  as  England  can  obtain  the  crude  ore  from  Scotland  and 
Styria  in  sutlicicut  abundance,  it  is  not  likely  that  it  will  pay  to  send 
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any  from  India.  And  it  is  not  at  all  probable  that  a  local  manufactory 
of  the  chromic  salta  would  prove  a  profitable  undertaking. 

Punjab :  Kulu. — Mr.  Calvert^  states  that  certain  quartzose  rocks 
in  the  valley  of  the  Parbatti,  between  Mateara  and  Kusole,  are  stained 
with  the  emerald  g^een  oxide  of  chrome.  Although  the  colouring  matter 
may  be  due  to  the  presence  of  chromium,  it  seems  probable  that  the 
actual  mineral  is  a  silicate  of  magnesia. 

Spiti. — Samples  of  chromite,  weathered  out  from  serpentinous  rocks, 
were  found  by  Mr.  Mallet*  among  the  debris  of  the  comparatively 
level  gpround  which  borders  the  Hanle^hn  river,  but  none  was  obtained 
tft  situ,  though,  from  the  size  of  the  fragments,  it  was  concluded  that  it 
may  very  probably  occur  in  quantity.  The  mineral  generally  had  a  more 
or  less  distinct  crystalline  structure,  sp.  gr.  4*208.  Some  specimens  were 
traversed  by  veins  of  another  chromic  mineral,  which  resembles  ouvaro- 
vite,  but  differs  from  it  in  composition,  as  is  shown  by  comparative  ana- 
lyses which  Mr.  Mallet  quotes^ 

*  Kulu,  p.  76. 
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CHAPTER  VIIL 

IRON. 

Jhon— Oeneml  Reuvarki.  Madras — ^Trammcore— Madura— TrichinopoH— Salem— .Porto 
Novo — Arcot — Malabar  —  Bepar  — *  Nilgiria  —  Mysore  —  Cli'ingluput  —  Kadapah  and 
Karnul — Bellary — Nellore  — Kistna  and  Oodavari  — Hjderabod— Vizagapatam — Oriaaa 
— Bengal  —  Birbhum — MoQghjr— Ranigiuij — Manbham— Singbbhum^HaMribagli — 
Lobardaga — Trlbntary  Stat«a— Central  Provincea  — Satnbalpar — Bilaxpor — Kaipur — 
Mandia — Bbandara — Balagbat — Jabalpur — Narsingbpur— Chondfr—Mirzapiir— Rewab 
— Bondclkhand— Banda— Lalatpur — C«nta*il  India— Bija war— Owalior  — Rajputana — 
in  war — Jaipur — Ajmir  —  Udepur  —  Nimor  —  Bombajr— Ratnagiri — 8atara — Surat — 
Kbolapur — Sawantwari — Pancb  Mabal  —  Rewa  Kanta — Abmedabad  —  Kattywar — 
Catcb — Afgbanistan— Punjab —  Banna —  Peabawar — Salt-Baoge — JbUam — Kangrm — 
Mundi — Kulo — Sirmur — Gurgaon — Komaon — Auam — Kbasi  and  Jainda  Hilli — 
Burma  — Pego  —  Tenasaerim  —  Mergui  —  Upper  Bnrma.  Ibok  Ochbs. — General 
ReoiarlcB.  Madras  —  Bengal  —  Central  Provinces  —  Raipar — Balagbat— Jabalpor— 
Chandn—  Bombay  —  Cnteb  —  Sikkini  —  Banna,  ItoBJ  Ptiutsb. — General  Remark*, 
Isox  SvLrHATS. — General  Remarks.     laoif  Pbobpbatb.— General  Remarka. 

Iron :  General  Remarks. — An  idea  of  the  abuudauce  and  extent  of 
iron  ores  iu  India  ciui  bo  most  clearly  conveyed  by  a  systematic  state- 
ment of  their  mode  of  occurrence  and  distribution  in  the  respective  forma- 
tions of  the  geolog^ical  sequence.  Thus,  to  begin  with  the  peninsular 
area,  we  find  that  magnetite  occurs  in  beds  or  in  vein?  of  greater  or  less 
extent  in  most  of  the  regions  where  metamorphic  rocks  prevail.  In  some 
places,  as  in  the  Salem  district,  in  the  Madras  Presidency,  the  develop- 
ment of  this  ore  is  on  a  scale  of  extraordinary  and  almost  unparalleled 
magnitude,  whole  hills  and  ranges  being  formed  of  the  purest  varieties  of 
it.  In  many  cases  it  would  seem  that  these  deposits  are  not  lodes,  but 
true  beds,  in  the  same  sense  as  are  the  gneissosc  and  schistose  rocks  with 
which  they  are  associated.  Similarly,  in  the  Chanda  district,  there  are 
enormous  deposits  of  specular  iron  or  red  hnematite,  with  which  magnetite 
also  occurs.  To  theabuudanee  and  wide-spread  distribution  of  these  ores 
in  the  oldest  rocks  is  no  doubt  to  be  attributed  the  fact  of  the  frequent  re- 
currence of  considerable  deposits,  and  the  general  dissemination  of  ferru- 
ginons  matter,  which  more  or  less  characterise  the  sedimentary  rocks  of 
all  subsequent  periods. 

In  the  submetamorphic  or  transition  rocks  again,  betlded  magnetite 
is  known  to  occur  in  some  localities,  and  it  is  probalily  more  abundant  in 
these  rocks  than  is  generally  supposed|  as  when  weathered,  and  when  not 
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minutely  examined,  it  miglit  puss  as  a  meta-diorite.  Along  faults  and 
fractures,  both  in  the  nietamorphic  and  submetamorphic  rocks,  very- 
considerable  veins  of  limonito  are  to  be  found  in  many  parts  of  the 
country,  as  in  Kadapah,  Karnul,  Manbhum,  and  in  Jabalpur,  &c.  The 
rich  ores  of  Central  India  are  principally  found  as  haematites  in  the 
Bijawar  or  lower  transition  series  of  rocks. 

In  the  great  Vindhyan  formation  ferruginous  matter  is  commonly 
disseminated  through  immense  thicknesses  of  beds,  giving  rise  to  the 
prevailing  red  and  brown  tints  which  characterise  the  rocks ;  but  in  all 
cases  where  the  ores  are  sufficiently  concentrated  to  be  workable  the 
deposits  occur  as  veins,  not  as  beds. 

In  the  Gondwana  system  of  rocks,  the  lowest  group,  the  Talcbir,  is 
believed  to  have  been  formed  by  the  deposition  of  its  materials  from 
floating  ice,  and,  in  it,  the  absence  of  ferruginous  matter  is  conspicuous  ; 
but  in  the  next  succeeding  group,  the  Barakar,  although  many  of  the 
beds  of  conglomerate,  sandstone  and  shale  are  almost  free  from  iron,  in 
others  concretionary  masses  of  limonite  are  abundant,  and  in  some  of  tlie 
coal-fields  clay  iron  ores  or  siderite,  altered  more  or  less  into  limonite, 
occur  bedded  in  sufficient  quantity  to  be  of  considerable  importance. 
Perhaps  the  most  noteworthy  instance  of  this  is  in  the  Aurunga  field,  in 
Palamow.  In  all  the  coal-fields,  it  is  believed,  these  ores,  whether  of 
concretionary  or  bedded  character,  are  used  by  the  native  smelters,  but 
the  unaltered  carbonates  are  rarely  if  ever  employed,  the  native  furnaces 
being,  apparently,  unsuited  for  their  reduction. 

The  next  group,  the  so-called  ironstone  sliales,  is  not  represented 
beyond  the  limits  of  the  Damuda  valley,  and  as  a  source  of  iron  ore  its 
development  is  at  its  maximum  within  the  limits  of  the  Raniganj  coal- 
field, where  there  is  an  inexhaustible  supply  of  readily  accessible  ore.  This 
ore,  which  originally  existed  in  the  form  of  black  band  or  siderite,  has 
been  to  some  extent  altered  into  limonite  towards  the  surface,  but  to  the 
deep  it  would  doubtless  be  all  found  in  its  original  condition.  In  the 
coal-fields  to  the  west  of  the  Raniganj,  although  the  ironstone  shale 
group  is  present,  the  amount  of  good  ore  is  nowhere  so  abundant. 

In  the  next  succeeding  group,  the  Raniganj-Kamthi,  the  distribution 
of  ore  is  somewhat  unequal.  In  t3rpical  Raniganj  rocks  ferrug-lnous  mat- 
ter is  scarce,  and  often  wholly  absent,  but  in  their  western  equivalents,  the 
Karathi  group,  the  amount  of  disseminated  ferruginous  matter  is  con- 
siderable and  sufficient  to  produce  all  pervading  red  and  brown  tints.  In 
those  rocks  too  there  are  segregated  masses  and  thin  layers  of  iron  ore, 
which  arc  occasionally,  but  perhaps  less  commonly,  than  arc  those  in  the 
Barakar  rocks,  made  use  of  by  the  natives  for  smelting  purposes. 
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The  lithological  characterstics  of  the  succeeding  groups  of  the  Gond* 
wana  series,  iu  so  far  as  they  refer  to  the  presence  of  iron  ores,  are  almost 
precisely  similar  to  those  just  described.  The  proportion  of  white  rocks, 
whether  shales  or  sandstones,  in  which  the  presence  of  ferrug-inous  mat- 
ter is  not  directlj  apparent,  is  comparatively  small,  and  the  segregated 
plate-like  masses  o£  ferruginous  matter,  which  stand  out  in  relief  on  the 
weathered  surfaces  of  sandstones  and  conglomerates,  are  to  be  found  in 
several  of  the  groups. 

Next  in  the  sequence  of  peninsular  formations  are  the  cretaceous 
rocks.  In  Southern  India,  in  the  Trichinopoli  district,  these  Contain 
nodides  of  iron  ore  in  some  abundance,  and  formerly,  when  fuel  was  more 
abundant  than  it  now  is,  they  were  smelted  to  a  considerable  extent  b/  the 
inhabitants. 

The  Deccan  trap,  which  is  believed  to  have  been  poured  forth  in 
vast  flows  at  the  close  of  the  cretaceous  period,  and  perhaps  continued 
to  be  so  into  early  tertiary  times,  includes  a  vast  amount  of  iron  ore  dis- 
seminated for  the  most  part  in  minute  crystals  of  magnetite ;  but  occasion- 
ally it  occurs  in  neste  of  segregated  bsematite,  and,  more  rarely,  in  layers 
which  pass  into  ferruginous  earth  or  bole. 

The  beds  of  rivers  which  traverse  this  trap  not  unfrequently  contain 
magnetic  iron  sand,  which  may  be  collected  in  sufficient  quantity  for 
the  requirements  of  native  furnaces  ;  but,  as  in  the  regions  where  this 
trap  occurs,  the  source  of  ore  next  to  be  described  is  generally  also  to  be 
found,  recourse  is  more  commonly  made  to  the  latter  than  to  the  former. 

The  age  and  origin  of  the  laterite  have  been  fully  discussed  in  Part 
I.  of  this  work,  and  ita  richness  in  iron,  which  is  its  leading  lithological 
characteristic,  has  been  specially  noticed.  Certain  segregated  bauds, 
which  not  uncommonly  occur  toward  the  base  of  the  beds  of  laterite,  are 
often  prolific  sources  of  an  easily  worked  brown  hromatite,  which  some- 
times includes  a  high  percentage  of  metal.  Lateritic  ores  have  been 
worked  by  the  native  smelters  in  different  localities  scattered  over  the 
whole  of  India ;  and  at  Bepiir  in  Malabar,  and  at  Mahomed  Bazaar  in 
Birbhum,  they  have  been  use<l  in  furnaces  by  British  companies. 

Lastly  must  be  mentionetl  the  detrital  ores  of  sub-recent  age,  which 
are  derived  from  the  brenk-up  of  the  above  deposits,  and  from  vaiious 
superficial  accumulations  of  ferruginous  matter.  These  being  in  general 
easily  obtained,  and  being  more  or  less  soft  and  decomposed,  arc  fre- 
quently preferred  by  natives  to  the  harder  and  more  refractory  ores  in 
iitu,  which  are  often  difliuult  both  to  mine  and  to  reduce. 

In  the  extra-peninsular  regions,  in  groups  of  rocks,  many  of  which 
•re  of  quite  different  ages  from  those  found  within  the  limits  of  the 
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peninpula,  iron  ores  occur  locally  in  considerable  aboudancc.  The  prin- 
cipal sources  of  these  are  the  tertiary  rocks,  aa  willbe  seen  from  the 
following  detailed  accounts ;  but  in  the  North-west  Hiraalayas,  and  also 
ajparently  in  Afs^hanistan  and  Burma^  there  are  considerable  deposits  of 
ore  in  the  older  motamorphio  rocks. 

Practical  men  have  sometimes  spoken  of  the  native  furnaces  and 
method  of  working  contemptuously,  as  being  merely  objects  of  curiosity. 
On  the  other  hand,  some  writers  have  given  the  operations  of  the  natives 
the  bcucGt  of  their  close  attention,  and  have  submitted  them  to  very 
close  analysis.  It  has  been  said  of  the  natives,  that  though  they  possess 
the  art  they  know  nothinj^  of  the  science;  but  in  this  respect  they  do  not 
differ  from  the  artizans  of  many  crafts  in  more  civilised  countries,  and 
the  introduction  of  scientific  guidance  in  European  iron  factories  is  by 
no  means  universal  at  the  present  day,  and  is  probably  nowhere  of  great 
antiquity.  In  many  cases  it  has  been  left  to  modern  chemists  to  explain 
the  rationale  of  processes  which  have  been  in  practice  for  centuries. 
Chance  combinations  and  the  rule-of-thumb  were  formerly  the  guiding 
stars  rather  than  science  in  all  departures  from  old  methods.  The 
struggle  for  existence  has  of  late  years  rendered  it  necessary,  however, 
for  all  large  iron  and  steel  works  to  include  a  chemist  or  analyst  on  their 
permanent  staff. 

As  will  be  abundantly  shown  in  the  course  of  the  following  pages, 
the  manufacture  of  iron  has  in  many  parts  of  India  been  wholly  ci'ushed 
out  of  existence  by  competition  with  English  iron,  while  in  others  it  is 
steadily  decreasing,  and  it  seems  destined  ultimately  to  become  extinct. 
For  this  reason  alone,  if  there  were  no  others,  the  native  process  is  worthy 
of  full  notice  here,  but  there  are  other  strong  reasons  why  it  should  be 
described,  and  which  demand  for    it  our  respectful  consideration  and 
admiration.     As  in  the  animal  world,  the  process  of  degeneration  has 
produced  forms  which  are  but  dwarfed  representatives  of  their  earliest 
progenitors,  so  it  is  with  the  rude  smeltiug  furnaces  of  the  natives,  which, 
though  they  may  not  now  in  some  cases  be  much  superior  to  those  which 
the  Celts  erected  on  hill-tops  to  catch  the  passing  breezes,  are  probably 
to  a  groat  extent  the  lineal  descendants  of  a  system  of  iron  manufac- 
ture, which  in  the  earliest  times  of  which  we  have  any  record  must  have 
been  on  a  scale  of  considerable  magnitude. 

The  famous  iron  pillar  at  the  Kutub,  near  Delhi,  indicates  an  amonnt 
of  skill  in  the  manipulation  of  a  large  mass  of  wrought-iron,  which  has 
been  the  marvel  of  all  who  have  endeavoured  to  account  for  it.  It  is 
not  many  years  since  the  production  of  such  a  pillar  would  have  been  an 
impossibility  in  the  largest  foundries  in  the  world,  and  even  now  there 
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are  comparatively  few  where  a  similar  mass  of  meUil  could  be  lurDod 
out. 

The  exposed  portion  of  this  pillar  stands  22  feet  above  the  ground, 
and  tradition  ascribed  to  it  a  prodigious  length  under  the  surface.  Kven 
after  excavations  were  made,  it  was  stated  to  be  '6b  feet,  but  subsequent 
examination,  made  under  General  Cunningham's  directions,  proved  it  to  be 
only  20  inches,  so  that  the  total  length  is  33  feet  8  inches.  Just  be- 
low the  surface  it  expands  into  a  bulbous  form,  £  feet  4  inches  in 
diameter,  and  it  rests  on  a  gridiron  of  iron  bars  which  are  fastened  with 
lead  into  the  stone  pavement.  The  diameter  of  the  pillar  itself  is  16"4 
inches  at  base  and  12*05  inches  just  below  the  capital,  which  is  3i  feet 
high.  The  above  dimensions  indicate  a  weight  exclusive  of  the  capital 
and  the  base  of  6- 7  tons,  so  that  the  total  weight  must  exceed  6  tons. 

Analyses  of  the  iron  have  been  made  both  by  Dr.  Percy,  late  of  the 
School  of  Mines,  and  Dr.  Murray  Thompson,  of  Rurki  College,  who  have 
found  that  it  consists  of  pure  malleable  iron  without  any  alloy.  It  has 
been  suggested  that  this  pillar  must  have  been  formed  by  gradually 
welding  pieces  together;  if  so,  it  has  been  done  very  skilfully,  since  no 
marks  of  such  welding  are  to  be  seen. 

By  those  especially  interested  in  the  subject  reference  should  be  made 
to  the  discussion  of  its  age  by  Mr,  Fergusson.^  From  the  form  of  the 
letters  in  the  inscription  which  it  bears,  various  views  as  to  its  age  have 
been  suggested.  Mr.  Fergusson  believes  that  A.D.  490  is  not  far  from 
the  truth.  We  have  in  this  pillar  therefore,  which,  though  it  has  been 
always  exposed  to  the  atmosphere,  shows  no  sign  of  rust,  the  most  com- 
plete testimony  of  the  skill  and  art  of  the  Indian  iron-makers  1,600  yeara 
ago.  Forged  iron  bars  of  large  size  have  been  found  also  in  temples 
of  considerable  antiquity  in  many  parts  of  India,  but  especially  in  the 
Eouth ;  and  enormous  cannons  used  to  be  made  in  Assam. 

Referring  again  to  the  analogy  drawn  from  the  animal  world — aa  we 
find  in  certain  animals  aborted  or  partially  extinguished  organs  which 
point  to  certain  functional  lowers  having  been  possessed  by  their  progeni- 
tors, similarly  if  we  take  a  survey  of  the  systems  of  iron  manufacture,  as 
practised  by  the  natives  of  India,  we  meet  here  and  there  traces  of  what 
may  be  the  remnants  of  higher  systems  of  working  than  those  now  exist- 
ing. These  are  quite  independent  of  obvious  lociJ  differences  as  to  the 
forms  and  size  of  the  furnaces  and  the  bellows,  or  differences  in  the  nature^ 
size,  and  subsequent  treatment  of  the  bloom.  First  in  importance  is  the 
manufacture  of  cast-steel,  in  crucibles,  which  attracted  so  much  notice 
many  years  ago.      For  a  time  Indian  tcuolz  or  steel  was  in  considerable 
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demand  by  cutlerR  in  England.  Its  production  was  the  cause  of  rauoh 
wonderment  and  became  the  subject  of  various  theories.  The  famous 
Damascus  blades  had  long-  attained  a  reputation  for  flexibility,  strength, 
lind  beauty  before  it  was  known  that  the  material  from  which  they  wer« 
made  was  produced  in  an  obscure  Indian  village,  and  that  ti*a<lers  from 
Persia  found  that  it  paid  them  to  travel  to  this  place,  which  was  difficult 
of  access,  in  order  to  obtain  the  raw  material.  The  circumstauces  con- 
nected with  this  manufacture  will  be  found  set  forth  iti  the  following 
pages,  and  to  the  means  by  which  the  carbonization  of  the  iron  waa 
efifected  the  reader's  special  attention  is  directed,  as  it  seems  to  point  to 
Bynthetical  knowledge  having  been  possessed  by  the  inventor  of  the 
process.  There  are  reasons  for  believing  that '  wootz  '  was  exported  to  the 
west  in  very  early  times — possibly  2,000  years  ago. 

Although  in  the  typical  Indian  furnace  the  ore  is  in  direct  contact 
with  the  fuel,  and  is  reduced,  without  the  addition  of  flux,  to  a  pasty 
mass,  complete  liquefaction  not  taking  place,  there  are  still  localities  in 
which,  separately,  there  are  departures  from  this  rule  in  one  or  other 
detail.  In  Katty war  the  furnaces  are  described  as  being  of  a  form  ap- 
proximating in  character  to  reverberatory  furnaces,  for  in  them  the  flame 
produced  by  the  blast  over  the  ignited  fuel  played  over  the  ore  which 
was  piled  by  itself  and  not  mixed  with  the  fuel.  In  Waziristan,  on  the 
testimony  of  Dr.  Verchere,  a  flux  of  limestone  is  added  to  the  charge. 
Unconsciously  this  is  done  too  at  one  locality,  if  not  in  others.  At  Ten- 
dukhera,  in  the  Narbada  valley,  where  iron  of  superior  ebanvcter  is  pro- 
duced, the  ore  contains  intermixed  with  it  a  good  deal  of  the  matrix  rock, 
which  is  limestone.  Lastly,  it  is  distinctly  stated  that  in  the  large 
furnaces  in  Birbhum,  the  iron  was  produced  in  a  fluid  condition  and  was 
rnn  into  pigs,  which  were  subsequently  converted  in  open  hearths  into 
malleable  iron. 

As  examples  of  furnaces  having  special  modifications,  those  in  Upper 
Burma,  in  which  the  artificial  blast  is  wholly  dispensed  with,  may  be 
noticed.  Whether  it  is  true  that  iron  is  ever  smelted  in  open  hearths  may 
well  be  doubted,  though  testimony  to  that  effect  is  not  wanting,  but  it  is 
jtrobably  due  to  a  mistake.  The  writer  has  been  more  than  once  inform- 
ed that  lumps  of  malleable  iron  were  regularly  found  in  a  certain  bills 
region,  and  were  brought  to  the  bazaars  for  sale.  Now  those  lumps  of 
supposed  natural  or  native  iron  would  have  been  found,  had  they  been 
first  carefully  examined  by  those  who  told  the  story  to  include  masses  of 
partially  consumed  charcoal ;  they  were  in  fact  blooms  from  small  native 
furnaces,  and  could  naturally  thei^efort*  be  worked  up  by  simple  heating 
and  hammerin;^  into  uweful  iron. 
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Besides  the  conii>etitiou  which  has  Iwen  alliuleil  to  above  as  causiup" 
the  gradual  extinction  of  the  native  industry,  there  is  anotlier  fact  which 
tends  to  produce  the  same  reeiiltj  and  that  is  the  increasing  scarcity  of 
fuel.  In  some  cases,  where  the  fuel  has  all  been  used  in  the  neighbour- 
hood of  furnaces,  the  necessity  of  bringing  it  from  great  distances  has 
steadily  diminished  the  margin  of  possible  profit.  la  others,  where  Gov- 
ernment has  stepped  in  to  preserve  the  forests  from  destruction,  the  burn- 
ing for  charcoal  has  been  forbidden,  and  the  smelters  have  had  to  betake 
themselves  to  other  regions  not  yet  reserved,  or  to  other  means  of  obtain- 
ing a  livelihood ;  but  it  is  not  easy  for  the  artizan  of  any  country  to  change 
his  trade,  and  in  India  it  is  hedged  in  by  greater  caste  difficulty  perhaps 
than  elsewhere.  It  is  for  this  reason  that  one  finds  the  iron  smelters  in 
many  regions  the  hardest  worked,  but  poorest,  among  the  population. 
The  iron  is  sold  at  a  high  price,  but  the  bulk  of  the  profit  goes  to  the 
traders  through  whose  hands  the  metal  passes.  The  amount  of  iron  pro- 
duced bears  but  a  miserable  proportion  to  the  labour,  time,  and  material 
expended. 

In  some  cases  the  consumption  of  charcoal  fuel  for  the  production  of 
finished  iron  is  as  14  tons  of  the  former  to  1  ton  of  the  latter.  This  is 
perhaps  exceptional,  but  is  possibly  sometimes  exceeded,  and  whatever 
charcoal  is  used,  represents  a  proportionately  high  amount  of  timber, 
since  the  methods  of  preparation  are  often  extremely  wasteful. 

Where  there  are  not  extensive  jungles  to  draw  from,  or  where  the 
timber  is  sufiiciently  accessible  to  be  used  for  other  purposes,  the  compul- 
sory closing  of  furnaces  is  rather  a  matter  of  policy  than  a  fit  subject  for 
regret ;  but,  on  the  other  hand,  wherever  there  are  extended  tracts  of  unre- 
served jungle  it  dfjcs  not  very  much  matter,  e8|>ecially  since  the  unre- 
strained annual  jungle  fires  consume  a  much  greater  amount  of  timber 
than  any  number  of  charcoal-burners  could  do.  The  timl)er  used  by  them 
is,  however,  almost  invariably  the  best  that  the  particular  jungle  atforda, 
such  as  sal,  teak,  &c. 

Propositions  have  been  made  from  time  to  time  to  adopt  a  modifica- 
tion of  the  native  system,  which,  while  retaining  the  form  of  furnace,  would 
economise  labour  by  supplying  the  hbst  from  an  engine.  It  has  been 
also  suggested  that  by  employing  the  waste  loppings  of  Government 
reserve  forests,  charcoal  might  be  had  at  a  nominal  cost ;  but  it  may  per- 
haps be  doubtful  whether  indiscriminate  loppings  would  yield  charcoal 
suitable  for  the  purpose.  It  is  certainly  the  idea  of  the  natives  that  the 
quality  of  the  iron  varies  with  the  nature  of  the  timber  usixi  for  mak- 
ing the  charcoal,  and  in  many  places  charcoal  from  the  bamboo  is  alone 
used  for  refining  the  iron.     This  selection  is  probably  due  to  experi(>uoe 
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rather  than  to  mere  chance  or  prejudice.  Supposing,  however,  that  this 
would  not  be  found  to  be  the  case,  it  is  conceivable  that  a  large  amount 
of  charcoal  iron  might  be  manufactured  by  such  a  system  in  certain  lo- 
calities, and  could  native  cnpitttlists  bo  got  to  take  up  the  matter,  on 
being  secured  a  constant  supply  of  fuel,  it  might  prove  very  profitable. 

Defecte  in  the  quality  or  quantity  of  the  fuel  have  been  no  doubt 
among  the  principal  causes  of  the  failure  to  make  iron  profitably  on  the 
English  system.  In  the  case  of  the  Bengal  iron  works  at  Barakar  this 
waa  less  felt  than  in  others.  The  coal,  though  it  might  easily  have 
been  better,  answered  fairly  well.  In  Chanda,  however,  it  may  betaken  as 
having  been  fully  demonstrated  that  the  coal  is  too  impure  to  be  placed 
in  direct  contact  with  the  ore  in  reducing  f  uniaceB.  As  regards  the  use 
of  charcoal,  the  effect  has  been  to  denude  large  tracts  of  country  wherever 
large  furnaces  have  been  established,  as  at  Bepur  and  Porto  Novo  in 
the  Madras  Presidency,  at  Mahomed  Bazaar  in  Birbhum,  and  also  to 
some  extent  in  Kumaun.  The  result  of  bringing  a  large  namber  of 
people  together  anywhere  in  India  is  of  itself  destructive  to  forests, 
owing  to  the  amount  of  fuel  which  each  individual  makes  use  of  for 
domestic  purposes. 

It  has  been  most  clearly  shown  that  without  planting  and  strict  con- 
servancy the  natural  recoupment  of  Indian  forests,  at  least  in  the  drier 
northern  regions,  is  too  slow,  even  if  it  takes  place  at  all,  to  keep  up  the 
BU]»ply  of  timber  for  an  unlimited  number  of  years. 

In  spite  then  of  the  abundance  of  ores  of  the  richest  character,  the 
question  as  to  the  possibility  of  manufacturing  iron  profitably  on  the 
large  scale  becomes  narrowed  by  existing  conditions.  In  anticipation  of 
the  details  given  below,  it  may  be  said  that  by  ordinary  blast  furnaces  and 
Bessemer  converters*  adapted  to  the  removal  of  an  excess  of  phosphorus, 
it  is  believed  that  in  the  Ilaniganj  field  iron  and  steel  of  high  qualities 

"  Recent  disooverie*  have  had.  a  most  important  result  in  minimising,  if  they  do  not 
wholly  remove,  the  hitherto  insapcrahle  difficulties  in  the  mannfacttire  of  rteel  from  pig  iron 
contaiuijig  an  injurioaa  per  centagc  of  phosphorna.  Among  thuse  discoveries  that  which  haa 
been  patented  bj  Meun.  Thomas  and  Galchmt  is  perhaps  the  moet  important.  Hitherto, 
in  the  Becaeraer  courertera,  the  lining'  of  siliciotu  bricks  kept  np  an  acidic  condition  of  tfat 
ala^ ;  at  the  high  temperature  involvod  in  the  ptooess  this  rendered  oxygen  inoperati'Ta  m 
regards  the  phosphorus,  which  therefore  renuuned  combined  in  the  metal.  Bj  means  of  % 
durable  and  refractory  brick  lining  made  of  bsHic  materiaLi  a  bwic  condition  of  the  sUf, 
without  exoemive  waste  or  injury  to  the  metal  or  lining,  has  been  secnred,  the  result  being 
that  under  the  conditions  thus  afforded  oxygenation  of  the  pbosphoros  does  take  place  and 
the  phosphoric  oxides,  combining  with  the  bases  and  forming  phosphates  in  the  shig*  render  it 
poMible  to  draw  off  the  Htecl  with  but  an  unimportant  trace  of  phosphorus  remaining.  The 
bricks  BM  made  of  an  aluminout  mn^rnesian  limestone ;  it  ii  not  improbable  that  the  l^chet 
liaaMione  Wiigtt  be  made  to  annwer  the  purpose. 
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might  be  manufactured  under  proper  management,  at  an  average  coat 
which  would  probably  admit  of  their  underselling  Knglish  metal  in  Ben- 
gal. The  same  remarks  may  apply  too  hereafter,  when  communications 
are  improved,  to  the  Palamow  field,  but  the  conditions  there  are  perhaps 
not  quite  so  favourable.  In  Clianda,  ajs  has  been  above  said,  ordinary 
blast  furnaces  are  inapplicable  owing  to  the  badness  of  the  fuel;  but  it  is 
possible  that,  by  other  methods  of  reduction,  Clianda  would  be  iu  a  posi» 
tiou  to  supply  the  Central  Provinces  and  parts  of  Bombay  with  iron  at 
an  average  rate  slightly  lower  than  that  paid  for  English  iron.  The 
same  remarks  may  perhaps  be  extended  to  some  of  the  localities  iu  the 
Narbada  valley.  But  as  regards  tho  rest  of  Indiaj  with  the  doubtful 
exception  of  Upper  Assam,  there  does  not  appear  to  be  any  solid  ground 
for  hope  that  iron,  under  existing  conditions,  can  be  manufactured  pro- 
fitably. This  opinion  is  founded  upon  careful  analysis  of  all  that  has 
been  done  to  give  the  matter  a  fair  experimental  trial  at  a  number  of 
places,  the  particulars  of  which  will  be  found  in  the  following  pages. 

Even  with  regard  to  the  places  above  excepted,  it  seems  probu  1)1  e  that 
the  margin  of  profit  will  always  be  a  small  one,  and  it  will  oscillate  much 
as  does  the  price  of  English  iron  in  the  Indian  market.  The  effect  of 
the  improvements  iu  Euglish  maimfacture  will  almofet  certainly  result  in 
a  further  diminution  of  the  native  manufacture  which  still  exists  iu 
many  tracts  simply  because  the  soft  charcoal  iron  is  more  malleable,  and 
therefore  more  manageable  by  native  blacksmiths,  than  is  the  less  pure 
English  iron.  There  is  at  present  a  large  sale  for  Swedish  and  Welsh  bar 
in  India. 

In  reference  to  the  competition  between  Indian-made  iron  and  that 
from  Europe  there  are  several  facts  which  operate  prejudically  against 
the  wide  employment  of  the  former.  In  Europe  the  iron  produced  ia 
different  localities,  and  even  in  different  factories  in  the  same  localitiesi 
varies  very  much  in  qualities  and  properties.  Sometimes,  in  consequence 
of  difference  in  the  materials,  and  sometimes  owing  to  jwculiarities  in 
manipulation,  iron  possessing  sjvecial  properties  is  produced,  and  thus  it 
is  that  particular  districts  and  particular  firms  have  become  identified 
with  the  production  of  certain  qualities  of  iron  beat  adapted  for  particular 
purposes,  and  accordingly  consumers  of  iron  go  to  one  firm  for  one 
quality  and  to  another  for  a  different  one,  according  to  the  precise  purpose 
for  whif'.h  the  iron  may  be  required. 

In  India  the  best  that  could  be  hojied  for  by  any  one  firm  having 
constantly  the  same  materials  txj  deal  with  would  be  to  be  able  to  turn 
out  regularly  a  particular  quality,  which  would  steadily  reach  a  recog- 
nised standard ;  so  that  consumers  of  iron  iu  India  would  probably  still 
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find  it  necessary  to  order  from  Europe  iron  having  particular  qualities 
for  special  purposeg  to  which  the  Indian  iron  was  not  applicable.  That 
a  single  factory  could  ever  supply  all  the  different  qualities  of  iron 
required  in  any  one  province  in  India  is  not  to  be  expected ;  but  if  rails 
of  good  quality  and  ordinary  castings  could  be  produced,  a  single  factory 
might  supply  all  the  requireraentp  in  those  articles  within  a  certain 
radius;  supposing  the  factory,  for  instance,  to  be  situated  inland  in 
Bengal,  it  is  not  likely  that  its  iron  could  compete  with  English  iron  at 
the  ports  of  Madras  and  Bombay.  Under  exceptional  prices  and  circum- 
stances it  might  do  so,  but  the  industry  to  be  successful  must  be  sup* 
ported  by  a  steady  demand  for  its  manufactures. 

Supposing,  on  the  other  hand,  that  iron  factories  were  established  in 
the  difEerent  provinces  of  India,  their  immediate  effect  would  probably 
be  to  lower  the  price  of  English  iron,  since  India  is  one  of  England's 
largest  customers,  and  thus  the  margin  of  profit  would  probably  be 
swept  away,  and  the  manufactures  of  the  Indian  factories  would  be 
undersold  till  such  time  as  they  were  driven  out  of  the  market  and  the 
factories  of  necessity  closed.  Were  there  any  probability  of  the  Indian 
factories  being  able  to  produce  iron  at  such  a  low  rate  as  to  defy  com- 
petition this  could  not  happen,  but  the  experience,  so  far  as  it  goes,  tends 
to  show  that  the  possible  margin  in  this  direction  must  be  a  naiTOw  one. 

In  England,  where  the  factories  represent  the  outcome  of  the  accu- 
mulated experience  of  many  years,  and  where  the  surrounding  population 
has  been  born  and  bred  to  the  work,  casualties  of  whatever  nature  need 
not  cause,  and  generally  do  not  cause,  more  than  a  temporary  stoppage 
of  work ;  but  in  India,  loss  of  life  or  injury  to  machinery  could  not  fail 
to  be  productive  of  serious  and  prolonged  delay.  Where,  in  England,  a 
score  of  competent  men  might  be  found  at  a  moment's  notice  to  carry 
on  charge  of  any  department,  of  which  the  incumbency,  from  whatever 
cause,  became  vacant,  it  might  be  difficult  to  find  one  in  India.  Injuries 
to  important  pieces  of  machinery  always  cause  much  greater  delay  in 
India  than  in  England.  Of  course,  it  may  be  said  that  by  having  a  reserve 
of  foremen  and  machinery  the  evil  consequences  of  casualties  might,  to 
a  great  extent,  be  minimised,  but  such  a  reserve  would  add  materially  to 
the  working  expenses. 

Of  all  the  places  in  India  where  iron-making  is  possible,  there  is  none 
where  these  difficulties  would  be  less  felt  than  in  the  Raniganj  field, 
owing  to  its  vicinity  to  the  population  and  foundries  of  Calcutta  and  the 
coal  mines  and  the  railway  population  at  Assensole. 

Xfuch  has  been  written  both  for  and  against  the  idea  of  Government 
itself  undertaking  the  manufacture  of  iron.     Although  the  policy  in  this 


Economic  Geology- 1 


OKXEKAL  REMARKS. 


345 


respect  has  oscillated  from  time  to  time,  the  general  cliaracter  of  whnt 
has  been  done  has  been  either  to  expend  money  upon  experimental  trials, 
to  subsidize  companies,  or  to  direct  the  different  departments  to  obtain 
their  supplies,  as  far  as  possible,  from  local  sources,  and  thus  aid  the 
efforts  of  companies. 

It  seems  to  be  not  improbable  that  had  the  Government  started 
the  mannfactnre  of  iron  on  an  extended  scale  at  the  time  of  the  opening 
up  of  the  railways,  great  benefit  would  have  accrued  to  the  State.  That 
it  would  have  been  possible,  politically  speaking,  for  any  Government 
to  have  done  so  continuously  may  be  doubted,  owing  to  the  opposing 
interests  involved ;  but  that  bad  there  been  a  department  of  the  State, 
similar  in  its  organization  to  the  Forest  or  Salt  departments,  it  is  abnost 
certain  that  the  effect  of  establishing  factories  for  iron  manufacture 
throughout  India  would  have  been  to  keep  vast  sums  of  money  in 
circulation  in  the  country,  and  to  have  given  employment  to  large  numbers 
of  people  who  now  crowd  the  land. 

In  a  suitably  officered  department  there  would  be  a  margin  of  officials 
to  allow  for  leave  and  casualties,  and  what  is  perhaps  of  more  import- 
ance to  success,  the  managers  of  individual  factories  would  be  upheld  in 
their  authority  by  a  prestige  which  the  managers  of  companies  do  not 
possess,  A  spirit  of  independence  of  action  soon  grows  up  among  European 
employes,  and  it  requires  very  exceptional  qualities  in  a  manager,  who 
has  no  local  influence  and  who  cannot  directly  claim  the  aid  of  those 
who  have,  to  enable  him  to  keep  mechanics  steady  and  attentive  to 
their  business,  as  Government  servants  are  prohibited  from  taking  part 
in  the  direction  of  companies.  No  industry  in  India  requires  the  same 
amount  of  arduous  and  unremitting  personal  labour  as  that  required  from 
iron  smelters  and  puddlers. 

These  remarks  are  made  with  special  reference  to  what  is  known  to 
have  taken  place  at  Bepur  and  Dechauri,  not  to  mention  other  local- 
ities. 

The  following  statement  shows  the  quantity  of  iron  which  has  been 
imported  into  India  during  the  past  few  years  by  the  State  ;  and  in 
Appendix  A.  it  will  be  seen  that  the  value  of  iron  imported  by  the 
general  trade  has  varied  during  the  same  period  from  Rs.  77,78,824  in 
1873-71  to  Rs.  1,22,93,847  in  1879-80.  The  total  value  of  imported 
iron,  exclusive  of  that  imported  by  the  State  between  the  years  1867-68 
and  1879-80  inclusive,  amounts  to  the  sum  of  Rs.  15,62,10,253,  or  at  par 
exchange  say  £15,621,025,  a  large  portion  of  which  sum  might  have 
been  kept  in  ludia  bad  the  iron  manufacture  proved  a  practical 
succesi. 
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Amount  imported  h^  the  Stated 

Tonii,  Cwt. 

1873-74 .        .  117.4^11  9 

1874-75  .        .                 91,829  4 

1876-76 61V247 

1877-78 201,668  9 

The  following  statements  of  the  average  prices  of  English  pig  iron  in 
the  Calcutta  market  for  the  last  30  years  will  convey  some  rough  idea 
of  the  price  at  which  the  same  article  ought  to  be  produced  in  India  in 
order  to  hold  its  own.  The  average  cost  of  No.  1  iron^  it  is  to  be  under- 
stood, ranges  from  Rs.  8  to  Rs,  20  above  the  figures  given  below,  which 
are  for  all  qualities  or  numbers  combined  : — 


1860 

.  30^ 

1860 

.  35 

1870 

.  33 

1861 

.  33^ 

1861 

.  38 

1871 

.  34 

1652 

.   .  42J 

1862 

.   .  37 

1872 

.  47 

185S 

.  70 

1863 

.  31 

1873 

.  81 

1864 

.  69 

1S64 

.  30 

1874 

.  77 

1865 

.  66^ 

1866 

.  29 

1875 

.  60 

1866 

.  691 

1866 

.  47 

1876 

.  42 

1867 

.  641 

1867 

.  46 

1877 

.  35 

1858 

.  43 

1868 

.  41 

1878 

.  28 

1869 

.  66 

1869 

.  34 

1879 

.  39  ? 

Avenges  for 

periods 

of  ten  yean 

52-4 

40-8 

47-6 

The  average  value  for  the  whole  period  is,  therefore,  Rs.  40' 7, 
Madras. — The  following  abstract  of  information  regarding  Madras 
iron  ores  was  drawn  up  before  a  copy  of  Dr.  Balfour^s  report  on  the 
subject  l>ecame  accessible  to  the  writer.  It  has  not  been  convenient  to 
re-cast  or  increase  what  has  been  written,  so  that  for  information  on  some 
minor  details,  and  regarding  some  districts  not  mentioned  below,  refer- 
ence should  be  made  to  that  report.'' 

Travancore  State. — There  does  not  appear  to  be  any  accessible 
information  on  the  subject  of  the  iron  ores  and  manufacture  of  iron  ia 
Travancore,  but  it  may  not  be  out  of  place  to  refer  to  a  paper  by 
Mr.  J. A.  Broun,  F.R  S.,*  on  the  magnetic  properties  of  the  magnetite- bear- 
ing rocks  in  that  State,  as  it  is  a  coatributioa  to  the  natural  history  of  an 
ore,  the  development  of  which  in  India  is  on  a  scale  of,  probably, 
unequalled  magnitude.     The  observations  were  made  on  tlie  Moocoonoo- 

*  Supplement  to  Oajuttt  of  India,  1878,  p.  1527;  snd  1879,  p.  753. 

«  Madnui.  1S55. 

>  Bi'port  of  BrJtUh  Association,  Oxford,  1860,  Sections,  p.  24. 
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malley  bill,  round  tbe  base  of  which  there  is  laterite;  but  the  main  mass 
of  the  hill  is  formed  of  syenites  and  granites  with  magnetite.  The 
following  were  the  conclusions  arrived  at  :— 

(1)  The  rock  fragments  have  determinate  magnetic  axes  ; 

(2)  Broken  fragments  resemble  broken  magnets  showing  op- 

posite polarities  at  the  two  surfaces  of  fracture ; 

(3)  The  magnetic  axis  varies  from  place  to  place  within  small 

distances ; 

(4)  The  action  of  the  whole  hill  on  magnets  freely  snspended  at 

moderate  distances  is  nearly  imperceptible,  the  opposite 
directions  of  the  magnetic  axis  in  the  rocks  rendering  the 
total  action  nearly  zero ; 

(5)  As  in  some  cases  the  north  end  of  the  magnetic  axis  was 

found  to  the  southward,  we  cannot  suppose  that  the  mng^ 
netism  of  the  small  magnets  has  been  due  to  the  inducing 
action  of  the  earth  in  their  present  jwsition,  or  since  the 
rock  mass  became  solid ; 

(6)  The  directions  of  the  magnetic  axis  have  no  relation  to  the 

lines  of  division  (joints)  of  the  rock  masses ; 

(7)  The  magnetic  force  of  the  rock  masses  varies  with  tempera- 

ture like  that  of  steel  magnets. 

Madura  District.— Iron  ores  are  said  to  be  very  generally  distri- 
buted throughout  this  district.  Formerly,  according  to  Mr.  Foote,'  ores 
obtained  from  beds  of  lateritio  conglomerate  used  to  be  smelted  in  some 
quantity,  of  which  large  heaps  of  slag  scattered  over  the  country  afford 
evidence ;  but  the  industry  is  now  extinct.  Only  one  deposit  of  mag- 
netic iron  was  seen.  It  is  gituat<xl  in  giieissic  rock«,  about  a  mile  north- 
east of  Mallampatti,  a  village  in  the  Pudukotai  Stat'C,  19  miles  north- 
west by  north  of  Pudukotai.  The  outcrop  was  badly  seen,  but  the  debris 
from  it  was  abundant. 

In  the  Madura  District  Manual'  it  is  stated  that  iron  ores  occur 
near  Kottampatti,  and  in  the  Sivagangei  zamindari  and  in  villages  near 
the  bases  of  the  mountains.  The  Tenkarei  country  was  noted  for  its  iron 
ore. 

Trichinopoli  District.— Mr.  H.  Bknford,*  in  his  description  of  the 
cretaceous  rocks  of  Trichino|)oli,  mentions  that  they  contain  ferruginous 
nodules,  which  were  formerly  smelted,  as  is  proved  by  mounds  of  slag ; 
but  owing  to  the  scarcity  of  timber  the  industry  is  now  almost,  if  not 

'  UttordB,  O.  8.  I.,  VoL  XH.  pp.  147-167. 

»  PiHTC  29. 

»  Mem..  O.  S.  U  Vol  IV,  p.  216. 
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aitogc'thor,  extinct,  and  the  people  obtain  their  supply  of  iron  from  the 
atJjoiuing  Salem  district. 

Magnetic  ores  occur,  it  is  believed,  in  the  northern  parts  of  Trichi- 
nopoli ;  but  these  are  of  trifling'  importance  and  extent  as  compared  with 
those  of  Salem. 

Coimbatore  District. — The  iron  industry  in  this  district  appears 
to  offer  no  points  for  special  remark.  Some  information  on  the  subject 
will  be  found  in  Dr.  Balfoiu''s  report,  and  Dr.  Buchanan  appears  to  have 
visited  some  parts  of  the  district  and  described  the  furnaces.  The  prin- 
cipal ore  is  mainjuetic  eaud. 

Salem  District. — Tlie  development  of  magnetic  ores  in  the  Salem 
district  is  among  the  most  remarkable  facts  connected  with  the  geology 
of  India,  whether  the  extent,  thickness,  or  number  of  the  beds  be  consi- 
dered. Messrs.  King  and  Foote  have  given  an  account'  of  their  distri- 
bution, and  for  convenience  of  description  they  divide  them  into  groups 
as  follows : — 

JH. — The  Godumallay  group,  east  and  north-east  of  Salem  ; 
2tid. — The  TuUamullay  Kolymullay  group  ; 
3r<L — The  Singiputtay  group  ; 
4t/i. — The  Tirtamullay  group  ; 
5tL — The  Kunjamullay  group. 

Owing  to  the  persistency  of  the  beds  over  long  distances,  they  often 
afEord  an  admirable  clue  to  the  geological  structure  of  the  region.  In 
fiome  cases  they  form  the  culminating  ridges  of  ranges  of  hills.  They  are 
occasionally  from  50  to  100  feet  thick,  and  where  steeply  inclined  or 
vertical,  an  enormous  extent  of  ore  is  laid  bare  to  view  in  cliffs  and  pre- 
cipices which  are  several  hundreds  of  feet  high.  The  quality  of  the  ore 
varies  a  good  deal,  and  it  is  sometimes  much  mixed  up  with  quartz.  Ore 
is  however,  in  short,  to  be  obtained  in  this  region  of  the  best  quality, 
and  in  quantities  to  be  estimated  only  in  thousands  of  millionsof  tons,  but 
the  scarcity  of  fuel  is  the  great  drawback  to  its  being  made  available. 
The  natives  obtain  ore  either  as  sand  on  the  surface  or  from  shallow  pits. 
It  is  not  quite  clear  from  the  accounts  available  whether  woo/z  was 
manufactured  to  any  great  extent  from  these  ores,  but  the  probability  is 
that  it  was. 

In  the  Appendix  to  Messre.  King  and  Footers  report  there  is  a  very 
full  account  of  the  Kunjamullay  ores,  which  is  illustrated  by  a  plan, 
elevation,  and  view,  to  which  the  reader  is  referred  for  further  informa^ 
tion.     Even  the  native  manufacture  was  decreasing  from  various  causes 


>  Mem..  6.  S.  I^,  Vol.  IT.  pp.  57. 152,  379. 
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when  they  wrote,  and  the  imports  of  English  iron  into  the  TrichinopoU, 
Salem  and  adjoining  di8trict8  was  increasing". 

Porto  Novo. — Although  Porto  Novo  is  situated  in  South  Arcot  it 
may  l>e  most  conveniently  referred  to  here,  as  the  iron  ores  which  were 
used  at  the  furnaces  there  were  ohtained  in  Salem.  The  large  demand 
for  Indian  steel  in  England  led  to  the  formation,  in  the  year  1833,  of  a 
Comitany  called  the  Indian  Steel,  Iron  and  Chrome  Company,  by  Mr. 
Heath,  who  obtained  a  Government  advance  for  the  purpose  in  1825. 
It  is  stated  that  this  company  produced  excellent  steel,  and,  in  order  that 
it  should  reach  the  market  free  from  any  defects  which  might  injure  its 
reputation,  they  had  an  establishment  at  Chelsea,  through  which  it  waa 
tested  and  passed  before  being  sold.  Having  succeeded,  they  disposed  of 
the  Indian  works  and  established  themselves  in  Caermartheu,  whore  they 
manufactured  a  su|ierior  quality  of  charcoal  iron. 

The  leasehold  rights  of  the  company,  which  were  acquired  by  another 
company,  extended  over  four  districts,  namely,  South  Arcot,  Coimbatore, 
Malabar,  and  South  Cnnara.  Foundries  were  set  up  at  Porto  Novo  to 
work  the  Salem  ore,  at  Palampati  near  Salem,  and  at  I3epur  in  Malabar, 
where  the  ore  was  laterit«. 

Mr.  Sowerby  gives  an  account  of  a  visit  which  he  paid  to  the  Porto 
Novo  works  in  1859.  He  states  that  the  iron  ore  had  to  be  brought  from 
many  miles  distant  in  the  interior,  and  owing  to  all  the  jungle  having  been 
cut  down,  and  the  land  cultivated,  the  charcoal  had  to  be  brought  from  a 
distance  of  25  miles.  The  flux  was  prepared,  he  believed,  from  sea-shellfl. 
The  principal  work  done  had  been  in  castings,  but  acme  pig  had  been 
sent  to  England  and  hat!  commanded  a  good  price  for  conversion  into 
steel,  and  a  large  quantity  of  it  was  used  in  the  construction  of  the  Bri- 
tannia tubular  and  Menai  bridges.  The  iron  would,  it  is  said,  have  com- 
manded a  good  price  had  the  supply  been  regular,  but  it  rarely  realised 
more  than  from  £7- 10  io  £.'J  i>erton,  while  Ulverstone  iron,  which  was  no 
better  if  even  so  good,  sold  for  from  £10  to  £12.  There  were  diiliculties 
about  shipping  it,  and  at  the  time  of  his  visit  there  was  a  large  stock  of 
pig  on  hand.  The  furnaces  were  seldom,  from  one  cause  or  another,  at 
work  for  more  than  four  months  in  the  year,  and  the  cost  of  management 
alone  was  thus  raised  from  lO  shillings  to  30  shillings  per  ton.  Altogether 
the  company  appears  to  have  never  declared  a  dividend,  and  the  concern 
was  a  steadily  losing  one. 

About  this  time  (1859)  however,  at  a  meeting  held  in  Sheffield,'  the 
value  of  Indian  pig  for  steel  manufacture  was  discussed.  There  had  been 
»ome  prejudice  against  the  use  of  any  description  of  pig  whatever  for 

•  '  Engineers'  Journal,  Calcutttti  Vol.  II,  p.  27^ 
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makinc^  steel,  but  this  had  been  overcome.  Mr.  Brown,  after  various 
trials  and  experiments,  had  come  to  the  conclusion  that  iron,  as  produced 
for  tile  purposes,  from  Indian  pig",  was  superior  to  any  other  in  England, 
and  that  it  had  been  proved  to  be  8ui>erior  to  ordinary  marks  of  Swedish 
iron  for  steel  purposes.  One  manufacturer  hud  bought  over  a  thousand 
tons  of  Indian  pig  for  railway  tyres.  The  Chairman  stated  that  he  had 
been  the  first  to  make  steel  from  Indian  pig,  and  from  that  time  it  had 
been  steadily  making  its  way.  He  added  his  con^'iction  that  India  would 
ultimately  become  one  of  the  largest  sources  from  whence  Sheffield  would 
draw  her  supplies  of  raw  materials.  The  price  at  the  time  in  the 
London  market  was  then  only  £6-10,  while  ordinary  English  pig,  it  may 
be  added,  was  selling  in  Calcutta  at  about  Ks.  56-1^-8. 

It  is  to  be  remembered  that  the  aU>ve  pig  was  from  Porto  Novo,  not 
from  Bepur;  having  been  made  from  magnetic  iron  ore,  it  was  especially 
apitlicable  to  the  manufacture  of  steel ;  but  it  may  be  doubted  whether  that 
which  was  sold  at  £6-10  ever  repaid  the  cost  of  production  and  carriage. 

Arcot  Districts,  North  and  South. — Iron  ores  are  said  to  be 
«bundaut  in  South  Areot,  in  parts  of  the  Trinomalai  taluk,  where  the 
Porto  Novo  Company!  had  a  factory.  They  also  occur  on  the  Kalrayaa 
hills,  particuliu-ly  on  the  slopes  below  Chinna  Tripattij  also  near  Ponpa- 
rappi  and  Ravatnallur.* 

Ileyne'  described  the  manufacture  of  iron  at  Zeragutty,  near  Satg-har 
in  Areot,  from  what  he  believed  to  be  titaniferous  m.ignetic  iron  sand  ; 
the  chief  feature  to  be  noticed  in  his  account  is  the  careful  way  in  which 
the  proportions  of  ore  and  charcoal  seem  to  have  been  fed  into  the  f or- 
nace ;  nine  seers  of  sand  produced  five  seers  of  iron,  which  must  be  re- 
garded as  a  large  percentage. 

Malabar  District. — Dr.  Buchanan*  during  his  famous  journey 
through  Mysore,  Canura,  and  Malabar,  noted  several  places  in  the  last 
mentioned  where  iron  ores  occurred,  and  were  worked.  It  is  probable  that 
some  of  these  are  no  longer  included  within  the  restricted  limits  of 
the  modern  Malabar,  but  it  will  be  sufficient  to  mention  them  here  as 
they  are  referred  to.  At  Colangodu  there  were  four  furnaces,  in  which 
black  magnetic  sAnd  was  ttsed  as  an  ore.  At  Velater  there  were  3-t  fur- 
naces which  belonged  to  a  Mopla.  The  ore  was  derived  from  the  very 
laterite  which  suggested  to  Dr.  Buchanan  the  name.  Being  cut  into 
bricks  for  building,  the   term  laterilU  suggested  itself  to  him  as  an 

'  Solectiona  from  Records.  Govemroentof  ludU,  VoL  XJiVI,  p.  54. 

*  f^uth  Aroot  Dutrict  Manual,  p.  373. 
'  Tn»rt».  p.  180. 

*  Journey.  Vol  U,  pp.  388,  «^,  404,  W2. 
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appropriate  title.  Tliia  ore  had  to  be  prepared  by  washing  in  a  troag-h^ 
open  at  both  ends,  which  was  placed  in  a  running  stream.  This  washed 
ore  was,  perhaps,  largely  magnetic.  The  furnaces,  of  which  admirable 
sections  and  elevations  are  given  by  Dr.  Buchanan,  were  excavated  in 
mounds  of  clay,  5  feet  4  inches  high  in  front  and  4  feet  behind,  and 
al)Out  7  feet  wide  from  front  to  back.  The  excavation  for  each  furnace 
was  2  feet  11  inches  wide  and  2  feet  deep,  and  was  dug  down  from 
the  top  of  the  mound  to  the  bottom ;  an  arched  cavity  at  the  back, 
with  a  hole  at  its  base,  was  then  made  and  the  structure  surmounted 
with  a  chimney.  The  charge  of  ore  was  2,160  Its.  and  of  charcoal  fuel 
1,890  lbs.,  of  which  some  was  not  consumed  during  the  21  hours  while 
the  furnace  was  in  blast ;  the  yield  of  iron  was  from  246  to  384  lbs., 
or  from  1 1  ^  to  1 7^^  per  cent.,  according  to  the  success  of  the  opera* 
tions.  It  was  of  the  usual  character  and  was  partially  malleable  though 
brittle.  The  bellows  were  leather  bags,  18  inches  high  and  9  inclies  in 
diameter.  One  man  worked  a  pair  by  clasping  the  slit  flaps  at  the  top ; 
by  alternately  raising  and  depressing  the  bags  the  air  w.is  driven  through 
a  nozzle  common  to  both  bags.  Each  furnace  rec|uired  two  pairs,  and  each 
pair  required  two  men  in  order  to  relieve  one  another.  The  iron  was 
sold  at  the  rate  of  7  shillings  7|  pence  per  cwi.^  and  the  profits  were 
considerable. 

Several  other  furnaces  are  also  alluded  to  as  having  been  seen  in  this 
region.  It  now  remains  to  notice  an  attempt  to  establish  iron  works  on 
the  English  system  at  Bepur. 

Bepur  or  Beypur. — As  already  stated  in  the  description  of  the 
Salem  district,  Mr.  Heath's  concession  included  permission  to  establish 
iron  works  at  Bepur.  Unfortunately,  no  succinct  account  of  the  opera- 
tions appears  to  be  available,  and  the  following  detached  facts  have  been 
culled  from  different  sources.  The  first  works  which  were  established 
commenced  operations  in  the  year  1833;'  how  long  they  continued  is  not 
known,  but  there  appear  to  have  been  a  succession  of  companies  whose 
object  was  to  establish  the  industry.  The  ore  used  was,  it  is  believed, 
derived  from  the  local  latorite.  In  1857^  the  Gun-cariiage  Department 
reported  favourably  to  the  Home  authorities  on  the  iron  for  their  pur- 
poses, but  in  1859  the  works  were  in  a  bad  way,  as  Mr.  Sowerby* 
states  that  he  had  receive<l  a  letter  offering  the  whole  of  the  machinery 
for  sale  to  the  Kuraaun  iron  works.  Deficiency  of  fuel  was  supposed 
to  be  the  cause  of  failure ;  there  were  no  roads  by  which  it  might  be 

*  Standing  Information  of  the  Modru  Government,  1879,  p.  229. 

*  Thornton's  Gaietttxsr  of  India,  Art — Beypur. 

'  iJ«Icction«  from  Records,  Qovemment  of  India,  No.  XXVI.  p.  62. 
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brought  from  the  inland  forests,  where  tirober  was  abundant,  and  conde- 
quently  it  was  actually  imported  from  Ceylon.  Mr.  Sowerby  '  met  in 
Stjma  certain  returned  German  workmen^  who  attributed  the  failure  to 
another  cause.  They  said  it  was  too  hot  for  them  to  work,  and  that  it 
was  impossible  to  get  naked  savages  to  do  such  work  as  puddling ;  if  they 
themselves  left  for  a  few  moments  all  went  wrong  and  the  natives 
would  fall  asleep.  Mr.  Sowerby  thought  that  Englishmen  would  have 
done  better.  Subsequently,  in  1861,  the  puddling  ai)pear8  to  have  been 
superseded  by  the  introduction  of  a  Bessemer's  converter,  but  the  resus- 
citation was  only  temporary  and  the  works  have  been  closed  for  some 
years. 

Nilgiris  District. — Iron  ores  occur  in  some  abundance  on  the  plateau 
and  spurs  of  the  Nilgiris.  They  appear  to  have  been  first  described  by 
Dr.  Benza^  in  1836.^  Subsequently,  Mr.  H.  F.  Blauford,'  in  his  geologi- 
cal report,  gave  an  account  of  their  leading  characteristics.  Hematite 
and  specular  iron  are  more  common  at  the  surface  than  magnetite,  but 
from  their  mode  of  occurrence  as  bands  in  the  gneiss  and  parallel  to  the 
bedding  it  seems  probable  that  tliey  were  originally  magnetite,  which 
has  become  altered  by  atmospheric  agency. 

The  most  important  masses  of  iron  ore  occur  above  the  village  of 
Karrachola,  1^  miles  west  of  Kot4igiri,  and  on  a  small  spur  of  Doda- 
betta  overlooking  the  Dhobi's  village.  At  Jackatalla  pure  strings  of 
haematite  occur  interfoliated  with  the  gneiss.  Charcoal  fuel  is  too  scarce 
on  the  hills  to  make  it  possible  that  by  its  means  the  ore  could  be 
smelted.  It  may  yet  come  to  pass  that  the  INilgiri  peat  or  the  charcoal 
made  from  it  may  be  made  applicable  to  this  purpose.  Dr.  Percy,  in  his 
work  on  Fuel,*  discusses  the  question  of  the  suitability  of  peat  for  metal- 
birgical  purposes,  and  mentions  that  peat  charcoal  had  been  so  employed  at 
Josefstadt  m  Austria,  though  he  does  not  recommend  its  use,  and  states 
that  the  practicability  of  making  good  peat  charcoal  economically  has 
still  to  be  decided  by  experience. 

In  various  parts  of  the  Nilgiris  decomposition  of  earthy  iron  ores  havo 
given  rise  (o  ochreous  deposits  suitable  for  pigments. 

Mysore. — Dr.  Buchanan  makes  frequent  allusions  to  the  maou- 
faoture  of  iron  in  different  parts  of  Mysore,  and  gives  detailed  accounts 
of  the  process,*     The  special  interest  of  these  is  that  they  include  the 

'  Engincsers'  JonrriAl,  Calcutta,  Vol.  IV,  p.  23. 
'  MwlnM  Jour,  of  Lit.  And  Sci..  Vol.  IV,  p.  2-«>, 
»  Mem..  G.  S.  I..  Vol.  I,  pp.  219.  248. 

•  London.  1875,  p.  612. 

*  .loiirnPT  throMjfh  Mjiore.  Ac,  1807,  Vol,  I,  pp.  29,  30,  32,  170, 175,  179  i  and  Vol  11, 

p,  16. 
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earliest  descriptions  of  tbe  manufacture  of  steel.  The  localities  where  there 
were  furnaces  were  Veukatag'in  and  Ghetti|)ura,  two  coss  from  Magadih. 
Here  gteel  was  manufactured  aud  also  in  several  places  in  the  following- 
taluks:  Madhu-^iri,  Chin-Narayan-durjg^a,  Hag-alawadi,  and  Devaraya- 
Durga.  In  the  first  two  the  iron  was  made  from  black  sand,  which  the 
torrents,  formed  in  the  rainy  season,  hrought  down  from  the  rocks.  The 
furnaces  in  the  Chin-Narayan-durga  taluk  were  on  a  small  scale,  the 
charge  of  ore  being  42 J  pounds,  from  which  about  47  per  cent,  of  metal 
was  obtained ;  work  was  carried  on  for  only  four  months,  the  smelters 
taking  to  cultivation  during  the  remainder  of  the  year.  The  stone  ore 
was  smelted  in  the  same  way  as  the  iron  sand,  but  the  latter,  it  is  said, 
was  alone  fit  for  manufacturing  into  steel.  There  were  in  this  vicinity 
five  steel  forges,  four  in  the  above  taluk  and  one  at  Devaraya-Durga. 
The  furnace,  of  which  a  figure  is  given  by  Buchanan,  consisted  of  a 
horizontal  ash-pit  and  a  vertical  fire-place,  both  sunk  below  the  level  of 
the  ground.  The  ash-pit  was  about  three-fourths  of  a  cubit  in  width  and 
height,  and  was  connected  with  a  refuse-pit,  into  which  the  ashes  could  be 
drawn.  The  fire-place  wofi  a  circular  pit,  a  cubit  in  diameter,  which  was 
connected  with  the  ash-pit,  being  from  the  surface  of  the  ground  to  the 
bottom  2  cubits  in  depth.  A  screen  or  mud  wall,  5  feet  high,  protected 
the  bellowaman  from  heat  and  sparks.  The  bellows  were  of  the  onlinary 
form,  a  conical  leather  sack  with  a  ring  at  the  top,  through  which  the 
operator  passed  his  arm. 

The  crucibles,  made  of  unbaked  clay,  were  conical  in  form  and  of 
about  one  pint  capacity.  Into  each  a  wedge  of  iron  aud  three  rupees 
weight  of  the  stem  of  the  Cassia  auricula  fa,  and  two  green  leaves  of  a 
species  of  ConvolvulM  or  Ipomaa  were  put.  The  mouths  of  the  crucibles 
were  then  covered  with  round  caps  of  unbaked  clay,  and  the  junctures  well 
luted.  They  were  then  dried  near  the  fire  and  were  re.idy  for  the  furnace. 
A  row  of  them  was  first  laid  round  the  sloping  mouth  of  the  furnace ; 
within  these  another  row  was  placed,  and  the  centre  of  the  dome,  bo 
formed,  was  occupied  by  a  single  crucible,  making  fifteen  in  all.  The  cm- 
cible  opjwsite  the  bellows  was  then  withdrawn,  and  its  place  occupied  by 
an  empty  one,  which  could  be  withdrawn  in  order  to  supply  fuel  below. 
The  furnace  being  fille«l  with  charcoal,  and  the  crucibles  covered  with 
the  same,  the  bellows  were  plied  for  four  hours,  after  which  the  opemtion 
was  completed.  When  the  crucibles  were  opened  the  steel  was  found 
melted  into  a  button,  with  a  sort  of  crystalline  structure  on  its  surface, 
which  showed  that  complete  fusion  had  taken  place.  These  buttons 
weighed  about  24  nipeea.  There  were  thirteen  men  to  each  furnace,  a 
headman  to  make  and  fill  the  crucibles,  and  four  relays  of  three  men  each, 
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one  to  attend  the  furnace  and  two  for  the  bellows.  Each  furnace  manufac- 
tured 45  pagodas  worth,  or  1,800  wedges  of  iron,  into  steel.  The  net  profit 
was  stated  to  be  1,253  fanams,  but  into  the  further  details  as  to  cost  it 
is  not  perhaps  necessary  to  enter.  The  total  production  of  steel  in  thi« 
vicinity  was  estimated  to  be  152  cwt.,  or  about  £300  worth  per  annum. 

Dr.  Buchanan'  gives  details  regarding  the  production  at  many  other 
localities,  but  it  would  be  useless  to  enumerate  all  these,  although  they 
present  some  differences,  especially  in  the  statements  made  by  the 
operatives  as  to  outturn,  prices,  &c.  The  principal  sources  of  the  ores 
were  the  magnetic  sand  found  in  rivers,  and  the  richer  portions  of  the 
laterite. 

The  next  account  of  the  manufacture  of  iron  and  steel  in  Mysore 
is  by  Dr,  lieyne,'-'  who  witnessed  the  process  at  a  small  village  among  the 
hills  south-west  of  Chitaldrug,  in  the  Salem  district.  The  nature  of 
the  ore  is  not  quite  dear  from  his  description,  but  apparently  it  was  an 
ochreous  limonite,  not  magnetic.  The  iron  bloom  having  beeu  manu- 
factured in  the  usual  way,  it  was  refined  and  cut  into  thirteen  pieces,  each 
weighing  2  pounds,  and  was  sold  at  the  rate  of  one  maund  (=27  lbs.) 
for  Rs.  2.  These  pieces  were  cut  into  three,  each  of  which  were 
placed  separately  in  a  crucible  together  with  a  handful  of  the  dried 
branches  of  tavghedu  {Cassia  anriculataj ,  and  another  of  fresh  leaves  of 
vonangady  [Convolvnlvs  laurifolia) ,  and  closed  up  with  a  handfnl  of 
red  mud.  The  melting  then  proceetled,  as  above  described  by  Dr. 
Buchanan,  the  operation  lasting  six  hours.  The  upper  surfaeea  of  the 
resulting  buttons  of  steel  were  often  striated  from  centre  to  circum- 
ference. Although  the  metal  had  lost  one-fifth  of  its  weight,  no  scoria 
was  discernible.  The  sale  price  was  the  equivalent  of  10«.  8^;?.  for  27 
pounds.  Sometimes  the  buttons  were  heated  and  hammered  into  bars 
of  4  or  5  inches  long.  The  stones  used  in  the  constniction  of  the  fur- 
naces were  refractory  magnesian  schists  or  potstones  called  balUpam  by 
the  natives. 

Dr.  Ueyne  also  saw  steel  made  at  Kakerahally,  on  the  road  from 
Bangalore  to  Seringapatam.  In  this  case  the  iron  was  made  from  magnetie 
sand,  but  he  adds  that  it  appeared  to  be  immaterial  what  kind  of  iron  was 
used  in  the  manufacture,  and  that  therefore  a  factory  might  be  estab* 
lished  at  Madras  or  any  other  port.  lie  attributes  the  fusion  of  th« 
steel  to  the  exclusion  of  atmospheric  air  from  the  crucible,  and  the  use 
of  fresh  vegetables  instead  of  charcoal.  Fi'om  the  action  of  dilate 
nitric  acid,  which  only  left  a  white  mark  on  the  iron,  he  concluded  that  it 

1  /..  c.  Vol.  II.  pp.  36.  138  :  and  Vol.  Ill,  pp.  860.  301.  364.  978,  i24. 485,  489 
>  Tncta.  1814.  p.  B58. 
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was  not  steel,  as  he  had  at  first  supposed.  Other  writers,  C8i>ecially 
Captain  Campbell/  have  explained  the  fusibility  by  the  fact  that  the 
native  iroDj  when  refined,  is,  in  part,  really  in  the  eonditiou  of  stoel. 
According  to  some  authorities  the  leaves  of  the  Mndar  {Calatropi*  i/iffan- 
lea)  were,  w^hen  obtainable,  preferred  to  those  of  the  Convoivuius. 

Dr.  Heyne  quotes  a  letter  from  Mr.  Stodart,  an  eminent  instrument- 
maker  in  England,  who  stated  that  the  wootZy  in  the  condition  in  which 
it  arrived  from  India,  was  not  fitted  for  fine  cutlery,  owing  to  its 
inequality  and  impurity,  but  by  careful  manipulation  it  was  possible  to 
equalise  it  and  bring  it  to  a  condition  in  which  it  was  superior  to  Eng- 
lish cast-steel.  The  trouble  and  expense  of  a  second  fusion  would 
militate  against  its  introduction  into  England,  but  if  its  manufacture 
were  improved  in  India,  be  believed  it  would  be  a  considerable  source  of 
revenue  to  that  country.  He  had  then  a  good  supply  of  wnotz  by  him, 
and  he  stated  that  on  the  whole  the  steel  of  India  was  the  best  he  had 
met  with.  The  following  information  is  taken  from  the  Gazetteer  of 
Mysore  and  Coorg. 

Tumkur  District. — Iron  ore  is  said  to  be  abundant  in  the  Chikaya- 
kanhalli  hill,  and  is  obtained  in  the  quarries  at  Dore  Gudda.  Yellow 
ochre,  which  is  obtained  thei*c  also,  is  used  as  a  pigment.  Magnetic  sand 
is  brought  down  by  streams  from  the  rocks  in  Madgiri  and  Kostiigiri. 

Mysore  District. — Iron  ores,  though  abundant  in  the  rocky  hills 
throughout  this  district,  are  only  worked  in  the  Heggaddevankote  and 
Malvilli  taluks;  in  the  latter  the  mines  are  situated  in  the  Shravana  liills, 
near  Tippur.  The  smelting  fornaoes  are  at  Hulgur  and  Ilusgurj  the 
outturn  of  iron  ranges  from  1,500  to  2,000  maunds  per  annum,  of  which 
about  half  is  exported. 

Magnetic  ore  is  highly  esteemed  by  the  natives  for  medicinal  uses,  and 
drinking  out  of  a  cup  made  of  it  was  one  of  the  prescriptions  com- 
mended to  the  late  Raja  by  the  native  physicians  for  prolonging  his  life. 
It  is  believed  that  milk,  if  Ijoiled  in  such  a  cup,  will  not  flow  over. 

Shimoga,  Kadur,  and  CQiitaldmg  Districts.— In  the  Shimoga 
district  iron  ores  arc  worked  in  some  parts  and  magnetic  ore  occurs  at 
Kodachadri.  In  Kadur,  iron  ore  is  largely  obtained  and  smelted  along 
the  hills  east  of  the  Baba  Budan  and  those  round  Ubrani.  Iron  ores, 
probably  haematites,  form  ranges  of  hills  near  Chitaldrug.  An  attempt 
has  been  made,  with  reference  to  the  province  of  Mysore,  to  draw 
up  a  table  showing  the  number  of  mines  and  furnaces  the  quantity  and 
value  of  iron  manufactured  and  exported  during  the  past  twenty  years, 
and  for  this  purpose  the  Annual  Administration  Reports  have  been  gone 


«  Cttl.  Jour.  Nat.  Hist.,  Vol.  Ill,  p.  397 ;  and  Joar.  A«.  Soc.  Bcngnl.  Vol.  XI,  p  217. 
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through,  but  the  details  are  too  incoxiiplete.  For  several  years  there  is 
no  information,  and  in  some  the  outturns  are  apparently  in  local  maunds, 
in  others  in  British  maundfi,  without  being  re6i>ectively  distinguished ; 
wliilc  8ome  of  the  other  figures  are  obviously  not  to  be  relied  on ;  but 
Bome  few  facts  apparently  point  to  the  conclusion  that  the  production  of 
iron  in  Mysore  has  diminished  by  nine>tenths.  In  1860-61,  the  value  of 
1,200  tons  smelted  was  stated  to  be  Rs.  2,50,000,  while  in  1878-79  the 
value  of  the  iron  was  only  Rs.  24,400,  or,  when  manufactured  into  saleable 
articles,  Rs.  67,644.  In  1866-67,  908  J  tons  of  iron  were  smelted  includ- 
ing 336  tons  converted  into  steel.  In  1864-65  proposals  were  ^t  on  foot 
to  establish  fouudrics  for  steel  in  the  Bangalore  district,  but  it  is  not  known 
whether  these  came  to  anything.  The  decadence  does  not  appear  to  have 
been  steady;  but  it  is  incredible  that  in  the  years  between  1872  and 
1875  there  were  upwards  of  1,400  mines.  The  royalties  in  these  years 
on  the  manufacture  exceeded  Ra.  8,00U  per  annum.  In  some  of  the 
returns  the  \yeights  in  maunds !  of  gold,  iron  and  building  stone  are 
lumped  together. 

Ohingleput  District :  Madras.— So  recently  as  the  year  1874,  a 
company  was  formed,  it  is  believed,  in  Madras  to  work  the  iron  ores  of 
the  neighbourhood,  but  how  far  the  intentions  of  the  promoters  were 
carried  out  is  not  known,  nor  is  there  any  information  available  as  to  the 
nature  of  the  ore  which  it  was  intended  to  use ;  not  improbably  it  was 
derived  from  the  laterite.  In  fact  the  only  information  before  the  vn-itcr 
is  a  letter  from  Captain  Taylor,  •  in  which  he  puts  forward  his  opinions 
as  to  the  best  means  of  making  the  Napier  foundry  a  paying  oonceni. 
He  specially  insists  upon  the  necessity  of  producing  bar-iron,  mention- 
ing that  12,000  tons  of  Welsh  bar,  representing  a  value  of  18  lakhs 
of  rupees,  are  imported  annually  into  Madras.  He  considers  that  tho 
Casuarina  plantations  would  be  capable  of  supplying  fuel  for  twenty  years, 
but  that  before  that  time  Godavari  coal,  at  Rs.  12  to  Rs.  15  a  ton,  or 
Nilgiri  compressed  peat,  would  probably  be  available.  His  other  remarks 
refer  to  the  introduction  of  the  hot  blast  and  the  best  form  of  furnaces, 
&c.,  subjects  which  need  not  be  further  alluded  to  here. 

Kadapah  and  Kamul  Districts.— In  these  districts,  which  may 
most  conveniently  be  treated  of  together,  iron  ores  occur  in  great  abun 
dance,  being  found  in  both  of  the  groups  of  rocks  which  bear  the  satu 
names  a**  the  districts.     The  ore  generally  worked   IxOongs,  bowovei . 
principally  to  the  Kadapali  series ;  it  occurs  in  layers  among  the  Inxis  or 
in  veins,  strings,  or  nests.* 

*  Indinti  KoniiomiMt.  Vol.  VI,  p.  131, 

>  t".  A.  K.  OWlwm  ftii.l  W,  Kijig.     Mem.,  0.  8.  1..  Vol.  Vlll,  p.  277i  attil  KatUimh 
Miiuuiil.  p.  M. 
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A  series  of  iron -smelting  villagea  Hg  along  the  eastern  side  of  the 
Khundair  valley  from  Nandiullumpett  northwards  near  Chintalcheroo 
(8  miles  north  of  Dhoor),  At  a  small  village  called  Colapctta  there  were 
ten  furnaces.  The  ore  nsed  was  a  somewhat  silicioua  hft?raatito  brought 
from  the  hitls  to  tiie  east ;  the  iron  was  worked  up  on  the  spot  into  agri- 
cultural implements.  Several  furnaces  were  also  in  operation  at  Yerra- 
goontlacotta  in  the  Chittavail  (or  Rajampett)  taluk ;  here  the  ore  from 
the  Kadapahs  is  mixed  with  a  laterite  ore.  In  the  Raehuti  and  Cullcudda 
taluks,  near  Madicheroo,  Nerabyle,  and  Chintacoonta,  iron  was  manufac- 
tured to  a  small  extent,  the  ore  being  brought  from  the  hills  to  the  east. 
In  other  parts  of  the  district  there  were  also  furnaces,  and  itinerant 
blacksmiths,  carrying  with  them  the  implements  of  their  trade,  wandered 
over  the  district  seeking  for  employment. 

In  the  Karnul  district  the  beet  ore  is  found  in  the  Gunnygull  range, 
to  the  south  of  Karnul  town,  the  rocks  forming  which  include  large  veins 
of  pure  specular  ore  in  conjunction  with  lines  of  fault.  A  great  isolated 
mass  of  almost  pure  specular  ore  rises  out  of  the  base  of  the  northern 
slopes,  but  its  precise  mode  of  occurrence  is  concealed.  South-east  of 
Ramulkota,  on  this  northern  flank,  there  arc  altered  quartzites,  which  are 
highly  impregnated  with  iron,  and  specular  ore  occurs  there  also  in  great 
abundance  along  lines  of  fault.  Scarcity  of  fuel  prevents  these  valuable 
ores  being  largely  used. 

Ferruginous  qnartzites  crop  out  all  along  the  west4?rn  flanks  of  the 
Nullamullays  from  some  distance  north  of  Nundeallurapett  up  to  oppo- 
site Nundial.  The  principal  smelting  villages  are  Bachapilly,  Roodrar, 
Serinapoor,  Kuddamal-culwa,  and  Galcbinpollam.  At  Roodrar  the  sell* 
ing  price  of  the  wrought-iron  was  Rs.  1 J  for  9  lbs.  weight. 

A  very  admirable  paper  by  Mr.  W.  P.  Wall'  enters  fully  into  the 
details  of  the  cost  of  production  of  iron  at  Hoodrar  and  the  neighbouring 
villages,  and  clearly  shows  the  waste  of  labour  and  material  involved 
in  the  production  of  the  iron,  which,  however,  was  sold  at  the  rate  of 
about  £21)  per  ton. 

Mr.  Wall  makes  various  suggestious  as  to  the  methods  by  which 
labour  might  ]*e  economised  and  the  production  incrcasetl,  more  especially 
by  the  emplo^Tnent  of  water  power  to  produce  the  blast.  He  states  that 
in  parts  of  Madras,  where  English  iron  cost  about  £16  per  ton,  the 
native-made  could  command  £23  owing  to  the  superior  facility  with 
which  it  could  l>e  worked. 

Bellary  District  —Beyond  somewhat  vague  statements,  that  iron 
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orte  nte  abundant  in  this  district,  there  appears  to  be  but  little  information 
ayatlable.     Some  oF  the  ores  are  said  to  be  manganiferous. 

Nellore  District.— Mr.  R.  B.  Foote/  in  his  report  on  the  Eastern 
Coast  Reg^ion,  states  that  there  are  two  groups  of  magnetite  beds,  which 
he  has  named  the  Ongole  and  the  Oimdlakumma.  They  appear  to  incl ode 
some  rich  deposits,  but  are  somewhat  variable  in  quality ;  they  occur 
interbedded  with  metamorpbie  rocks. 

In  the  Kellore  Manual  '^  there  is  a  somewhat  detailed  account  of  the 
iron  manufacture  in  the  various  taluks  which  compose  the  district.  The 
industry,  though  holding  its  own  in  some  places,  is  in  others  yielding  to 
competition.     Steel  does  not  appear  to  be  manufactured. 

Kistna  and  Godavari  Districts.— The  manufacture  of  iron  in 
these  districts  has  attracted  notice  for  many  years,  and  two  of  Dr.  Ileyne's 
Tracts'  refer  to  the  manufacture  of  iron  at  Lutchmiporum  aud  Raman* 
kapotta.  Mr.  W.  T.  Blanford*  has  described  furnaces  which  he  saw  in 
operation  at  Polaram  and  Chitapum.  Mr.  King  *  states  that  the  prin- 
cipal sources  of  iron  are  the  sandstones  of  GolapUly,  Tripati,  and  Rajah- 
mahendri,  especially  the  latter. 

Hyderabad. — Certain  tracts  in  the  Hyderabad  or  Nizam's  territory 
have  long  been  famed  for  their  iron  ores  and  the  metal  produced  from 
them.  The  steel  mines  of  Nirmal  in  the  Subah  Berar,  which  are  men- 
tioned in  the  **  Ain-i-Akbari,"  "  were  not  improbably  identical  with  those 
about  to  be  described.  The  mode  of  occurrence  of  this  ore  has  been  described 
by  Malcolmson.'  The  minute  grains  or  scales  of  iron  are  diffused  in  a 
sandstone-like  gneiss  or  mica  schist  passing  into  a  hornblende  slate. 
These  rocks  are  excavated  with  crow-bars  and  then  crushed  between  stones  \ 
if  hard,  this  is  done  after  a  preliminary  roasting.  Tlie  ore  is  then  separated 
from  the  powdered  rock  by  washing.  This  was  at  a  village  called  Dimdurti, 
but  the  process  of  manufacture  was  the  same  as  that  at  Kona  Samundrum, 
12  miles  south  of  the  Godavari  and  25  from  Nirmal,  which  has  been 
described  by  Dr.  Voysey.'  The  furnace  was  made  of  a  refractory  clay 
derived  from  decomposed  granite,  and  the  crucibles  are  made  of  the  same, 
ground  to  a  powder,  together  with  fragments  of  old  furnaces  and  broken 
crucibles  kneaded  up  with  rice-chaff  and  oil.     He  states  that  no  charcoal 

»  Mm.,  O.  S.  I.,  VoL  XVI,  p.  17. 

»  Pugo  63. 

>  Pkges  218  and  225. 

•  Reconi*,  O.  8. 1..  Vol.  IV,  p.  114;  and  Vol.  V,  p.  20. 
»  Menu,  O.  8.  I.,  VoL  XVI,  p.  265. 

c  (ibdwin'a  TransliLtkinB,  VoL  II,  p.  59- 

■  TnUutkctioDis  GeoJng'ical  Society*  IxuuI'mi,  ri«w  iKii*-!^,  W.j.  v,  |».  ,t^ 

*  Juar.  As.  Soc.  BengiU,  Vol,  1,  p.  245 ;  anU  Vol.  II,  p.  402. 
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WM  pat  into  the  cniciWe,  but  some  f rag-men ts  of  old  glass  slag  were.  A  per- 
foration w^s  made  hi  the  luted  cover.  Two  kinds  of  iron,  one  from  Mirta- 
palli  and  the  other  from  Kondapur,  were  used  in  the  manufacture  of  the 
steel.  The  former  was  made  from  magnetic  sand,  and  the  latter  from  an  ore 
found  in  the  iron  clay  (?  iaterite),  20  miles  distant ;  the  proportions  used 
of  each  were  oa  3  to  £.  Thi«  mixture  being  put  into  the  crucible  in 
small  pieces  the  fire  was  kept  up  at  a  very  high  heat  for  24  hours  by 
means  of  four  bellows  and  was  then  allowed  to  cool  down.  Cakes  of 
steel  of  great  hardness,  and  weighing  on  the  average  l^lbs.,  were  taken 
from  cadi  crucible.  They  were  then  covered  with  clay  and  annealed  in 
the  furnace  for  12  to  16  hours,  then  cooled,  and  if  necessary  the  anneal- 
ing was  repeated  till  the  requisite  degree  of  malleability  had  been  obtain- 
ed. The  Tclinga  name  for  this  steel  was  woot£  and  a  kurs  or  cake  of 
it,  weighing  1 1 U  rupees,  was  sold  on  the  spot  for  8  auuae ;  the  daily 
produce  of  a  furnace  was  50  seers,  or  in  value  Rs.  37. 

A  Persian  trader  from  Ispahan  was  in  the  habit  of  going  backwards 
and  forwards  with  the  st^cl ;  while  making  his  purchases  he  personally 
superintended  the  operations,  weighing  the  proportions  of  iron,  and  testing 
the  toughness  of  the  steel  himself.  He  told  Dr,  Voysey  that  in  Persia 
the  same  processes  had  been  tried,  but  the  same  quality  of  steel  could 
not  be  produced  from  the  ores  there.  As  usual  the  jaghirdar  by  hif 
exactions  was  doing  his  best  to  crush  out  the  industry. 

As  will  have  been  observed  there  are  several  remarkable  differences  in 
the  preparation  of  this  renowned  toooiz  from  that  manufacturod  elsewhere ; 
especially  notable  is  the  degree  of  heat  attained.  Dr.  Voyeey  estimated  it 
to  be  130°  of  Wedgewood,  and  further  states  the  resiilt  of  different  experi- 
ments; 25  rupees  weight  of  steel,  which  had  not  been  submitted  to  the  last 
operation,  was  fused  in  three  hours  into  a  button  of  hard  steel,  while  frag- 
ments of  different  rocks,  granite,  hornblende-schist,  and  basalt  were  fused 
either  into  glass  or  porcelain.  The  furnaces  themselves,  which  were  4  or  5 
feet  high  and  5  feet  in  diameter,  became  semi-vitrified  and  had  to  be 
frequently  renewed. 

Malcolmson  remarks  that  the  ore  of  this  locality  must  be  of  excep- 
tional quality,  as  otherwise  it  could  not  have  retained  its  reputation  as  the 
best  material  for  Damascus  bliules,  in  spite  of  its  remote  situation  in  an 
unsettled  country.  He  attributes  it  to  a  comparatively  large  proportion 
of  protoxide  of  iron  being  present ;  he  failed  to  find  evidence  of  the  exist- 
ence of  titanium. 

Dr,  Walker^  briefly  describes  the  ores  and  manufacture  of  iron  of 
Hunumkondah  in  a  paper  on  the  productions  of  that  taluk.    The  ore  is 
'  Indian  Review.  Vol.  VI.  p.  663. 
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ma^etit<?j  and   the  iron  was  purchased  by  the  merchants  for  Rs.  1^  a 
maund  and  was  sold  at  a  somewhat  higher  rat«. 

Two  other  papers  by  Dr.  Walker'  contain  further  information  as  to 
the  iron  ores  of  Hyderabad.  In  the  Warunjjul  Circar,  titauiferou« 
ore  is  found  abundantly  in  the  nalas;  haematite  is  found  scattered  over 
the  surface  near  the  fort  of  Warungul,  but  was  not  worked.  Yellow  and 
red  ochre,  which  were  used  by  the  people  for  ornamenting  the  walls 
of  their  houses,  were  also  obt^inaljle.  Extensive  smelting  of  an  ore 
found  in  the  parganas  of  Kullur  and  Anantagiri  was  carried  on.  An 
ore  found  wherever  laterite  rested  on  trap  was  obtained  in  the  Elgundel 
and  Maiduck  circars,  and  was  easily  mined.  There  were  furnaces  for 
its  reduction  at  Tutapelly  and  Nizamabad  in  the  former,  and  Lingumpilly 
in  the  latter.  Ho  states  that  it  was  this  iron  which  was  used  in  the 
manufacture  of  the  Nirmal  steel,  but  as  we  have  seen  above,  from 
Dr.  Voysey's  account,  a  mixture  of  two  kinds  of  iron  were  used  for  the 
purpose. 

Vizagapatam  District. — Information  regarding  the  mode  of  oc- 
currence of  iron  ores  in  the  Jaipur  or  Jeypur  State,  and  other  hilly  por- 
tions of  Vizagapatam,  is  not  very  complete.  A  lode  containing  a  largo 
amount  of  iron  ore  on  a  line  of  fracture  in  the  rocks  of  the  Karnul  series? 
at  Chitra— lat.  19°  4';  long. ;  8i°  30',  about  12  miles  to  the  south-east  of 
Kotpad,  was  examined  by  the  writer.  It  had  been  extensively  mined,  a 
deep  trench  having  been  opened  along  the  outcrop  for  a  distance  of  nearly  a 
mile.  The  ore  formed  the  matrix  of  a  breccia,  and  appeared  to  be  a  rich 
brown  ha?matite.  Moat  of  the  other  ores  which  are  or  have  been  worked  in 
this  region  are  .not  improbably  derived  from  laterite.  ITie  metal  exported 
to  the  plains,  according  to  the  Vizagapatam  Manual,^  is  in  the  kachcha 
or  unrefined  state,  the  retail  price  being  only  a  rupee  a  maund ;  but  at 
Miulgole,  lat.  IS"  2' ;  long.  82°  30',  wooU  or  steel  of  fine  quality  is  said  to  be 
manufactured.  The  average  annual  imports  of  European  iron  into  Viza- 
gapatam for  five  years  preceding  1869  exceeded  150  tons  per  annum,  so 
the  local  supply  must  l^e  inconsiderable. 

The  following  is  a  list  by  Lieutenant  J.  Vertue,*  District  Engineer  of 
the  places  nearest  the  plains  where  iron  ores  occur :  Dzorapukonda,  20 
miles  from  Narramapatam,  quarry;  between  Dzorapukonda  and  Lobar- 
guda,  no  quarries  ;  BhittarUotsa,  1:^  miles  from  Narrainapatam,  a  good 
quarry  ;  Gummidikonda,  15  miles  from  Narrainapatam,  a  good  quarry  ; 
Riga,  10  miles  from  Narrainapatam,  abundance  of  ore. 


>  Mutlnu  Jour,  i.f  Ui.  aiid  Sci.,  Vol.  X.V,  p.  222;  oiul  Vul.  XVI,  p.  182. 
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Orissa. — The  earliest  reference  to  the  raanufactnre  of  iron  in  Orissa 
dates  back  to  ]7U8.  It  is  by  Captain  Hamilton,'  who  says  that  iron  was 
so  plentiful  at  Balasor  that  anchors  were  cast  there  in  motdds,  but  that 
they  were  not  so  good  as  those  made  in  Europe.  It  is  not  stated  by 
whom  the  process  of  working  in  cast-iron  was  introduced,  but  tliere  wer« 
there  at  that  time  factories  belonging  to  the  English,  Dutch,  and  French. 
In  all  probability  this  was  the  first  locality  in  India  where  the  manu- 
facture of  iron  by  the  English  method  was  introduced.  That  the  metal 
was  not  imported  is  distinctly  implied  by  Captain  Hamilton's  remarks. 

In  1839  Lieutenaut  Kittoe  *  reported  on  the  coal  and  iron  of  the 
Talcbir  and  Ungul  States.  The  iron  from  these  States,  and  those  adjoining^ 
used  to  supply  the  markets  at  Cuttack  and  Berhampur.  The  metal  varied 
in  quality  very  much,  some  of  it  being  malleable,  while  much  of  it  was 
coai-seand  brittle.  In  1855  Mr.  Samuells^  briefly  described  the  process  of 
iron  manufacture  practised  at  Kankerai,  in  Ungul ;  the  refined  iron,  which 
was  of  good  quality^  was  sold  in  the  Cuttack  bazaar  for  8  score  per  rupee. 
Analyses  of  samples  of  ore  forwarded  by  him  were  made  by  Mr.  Pidding- 
ton.  The  Kankerai  ore  contained  46*8  per  cent,  of  iron,  and  another  from 
Fal-labara  contained  47  per  cent,  with  a  small  quantity  of  manganese. 

In  1879  Dr.  Oldham  published  a  memorandum  on  the  coal  and  iron 
of  Orissa  as  an  introduction  to  the  report  on  the  Talchir  coal-field  by 
Messrs.  Blanford  and  Theobald.*  A  detailed  account  of  the  native  pro- 
cess is  given,  which  resembles  in  its  general  features  that  in  practice  all 
over  the  country,  of  which  a  typical  case  will  be  descrited  under  the  head 
of  Palamow.  The  resemblance  is  pointed  out  in  the  details  of  the  procesH 
to  that  which  was  in  practice  formerly  in  England,  as  described  by  Dr. 
Plot  in  his  Natural  History  of  Staffordshire. 

The  ores  used  in  Talehir  vary.  Sometimes  ironstone  shales  of  the 
Barakar  or  coal-measure  group  are  employed ;  sometimes  concretionary 
maisses  found  in  the  detritus  of  the  upper  groups ;  nodules  of  laterite  are 
aUo  sometimes  used. 

Altogether  the  system  of  manufacture  of  iron  in  the  Orissa  Tributary 
States  is  on  a  very  rude  and  petty  scale.  The  furnaces  are  excoptionalJy 
small,  and  the  charcoal  is  prepared  by  cutting  down  a  tree,  setting  tire  to 
it,  and  after  it  is  partially  consumed  quenching  the  flames  and  simply 
knocking  off  the  charcoal  from  the  half-burnt  log.  The  slags  from  the 
furnaces  generally  retain  at  least  40j)er  cent,  of  iron. 

'  A  Dcw  Account  of  the  Eut  Indiv«,  VnL  T,]).  392. 

3  Joor.  Aa.  Snc.  B«ugiil,  Vol.  VIII.  p.  1-U. 

>  Id*m.,  p.  260. 

<  M«m.»  U.  S.  I,.  Vul  I,  pp.  11  and  85. 
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There  does  not  appear  to  be  any  good  ground  for  supjx)sing  that  Orissa 
offers  any  advantages  over  many  other  localities  for  the  introduction  of 
an  improved  system  of  iron  manufacture. 

BirbhilDl  District. — The  history  of  the  attempts  which  have  been 
made  to  establish  irou-mining  on  the  European  system  in  the  diatrict 
of  Birbhum  is  a  long  one,  dating  back  so  far  as  the  year  1777.  It  fully 
suppoi-ts  the  truth  of  the  old  adage  that  history  repeats  itself.  The  same 
sanguine  hopes,  the  same  attempts  to  carry  on  work  in  spite  of  discour- 
aging circumstances,  the  same  failures  and  the  final  loss  of  expended 
capital,  are  recorded  in  the  accounts  of  each  attempt.  In  so  far  aa 
reports  by  experts  are  concerned  there  ai-e  a  good  number  of  them. 

The  first  application  to  work  the  mines  of  Birbhum  by  an  improved 
system  was  made  in  1774  by  a  native,  Indarnarain  Surma,  who  offered 
terms  to  the  Government  through  the  Bardwan  Council,  which  it  was 
not  likely  he  would  ever  have  been  able  to  fulfil,  as  they  involved,  after 
the  fourth  year  of  occupation,  the  payment  of  a  rent  of  Rs.  5,000  per 
annum.  ^  Tliough  the  offer  was  accepted  the  lease  was  never  taken  up. 
In  1777,  Messrs.  Motte  and  Parquhar  memorialised  Government  to  b© 
allowed  tlie  exclusive  privilege  of  nmnufactui'iug  iron  in  the  Honourable 
Company's  possessions  in  the  country  west  of  the  meridian  of  Bardwan, 
and  of  selling  the  produce  free  of  duty.  This  was  witliout  prejudice  to  the 
rights  of  Messrs.  Summer  and  Heatly,  who  had  mining  privileges  in 
certain  districts  of  Birbhum  and  Pachet«.  They  claime<l  to  be  exempt 
from  all  interference  by  the  members  of  the  Bardwan  Council,  and  any 
of  the  Company's  officers  resident  in  the  provinces  included  in  the  above- 
mentioned  limits;  all  matters  of  dispute  to  be  referred  to  the  Governor's 
Council,  as  the  local  officials,  being  traders  in  these  districts,  mig-ht  be 
interested  judges.  Tlie  place  first  selected  by  them  for  the  f  umaoee  was 
strangely  enough  situated  in  Jharia  in  Pachete,  but  the  loha  mehal»  of 
Birbhum  were  to  be  made  over  to.  them  on  the  existing  t^rms  and 
conditions.  On  their  part  they  contracted  to  cast  shot  and  shells,  and  to 
gupply  them  at  Fort  WUliam,  at  four-fifths  of  the  average  cost  of  tlie 
same  when  landed  from  Europe.  They  further  contracted  to  pay  to  the 
Company  one- twentieth  of  the  profits  of  the  lead  mine  (at  Hisatu  or 
Sidpa)  in  Raragarh,  which  they  also  proposed  to  work  (see  page  i!91). 

In  the  following  year  pennission  was  granted  to  Mr,  Farquhar 
to  enter  into  possession.  He  then  begged  an  alteration  in  the  terms, 
having  in  the  meantime  discovered  that  the  ores  of  Birbhum  were  better 
suited  to  his  pm7)ose  than  those  of  Jharia.     This  was  granted,  but  a 


'  Joar.  As.  8oo.  BragrU,  VxA.  XII.  p.  64fi. 
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•eries  of  troubles  awaited  him  from  the  opjwsition  of  the  jaghii-dnrs  and 
Raja.  In  1779,  after  further  correspoiadence,  an  advance  of  Re.  15,000 
WM  made  by  Government  to  Mr.  Farquhar,  in  order  to  enable  him  to 
complete  his  fumaees,  &c.,  and  he  carried  on  from  that  time  to  17S9, 
with  what  result,  as  regards  the  manufacture  of  iron,  is  not  known  ; 
but  the  records  are  full  of  accounts  of  disputes  and  contests  with  the 
natives,  who  actually  claimed  that  the  revenue  from  the  loAa  mehaU 
belonged  to  them,  though  Government  hml  received  it  before  Farquhar 
obtained  the  lease.  In  1789  he  relinquishe^i  the  gfpeculation  and  was 
appointed  to  the  gunpowder  manufactory  at  Phulta,  bat  be  retained 
the  lease  of  the  lafia  mehala  till  1795,  after  which  they  lapsed  to  the 
zemindar,  who  disposed  of  parts  of  the  estate,  and  the  new  proprietops 
commenced  to  levy  does  on  the  iron  mines  within  their  lots,  and  as  a 
matter  of  course  litigation  ensued.  Finally  the  Court  (Sudder  Dewanny) 
issued  rules  which  established  and  defined  the  rights  of  the  holder  of  the 
loha  mehahf  who  had  purchased  them  as  a  separate  lot  at  the  ultimate 
sale  of  the  zemindari.  It  would  seem,  therefore,  that  the  Government 
had  allowed  the  mining  rights,  their  claim  to  which  they  had  distinctly 
asserted  when  leasing  the  mines  to  Farquhar,  to  slip  through  their  fingers. 

It  is  stated  that  Birbhum  hook  iron,  during  the  period  of  Farquhar^s 
labours,  was  sold  in  Caknjtta  at  Rs.  5  per  maund,  Balasor  at  Rs.  6-8,  and 
English  at  from  Rs.  10  to  Rs.  11.  In  all  probability  this  iron  was  pro- 
duced by  the  direct  native  process,  not  by  European  methods.  The  above 
is  taken  from  one  of  a  series  of  "  contributions  towards  a  History  of  the 
Development  of  the  Mineral  Resources  of  India  by  S.  G.  T.  Ueatlcy."* 

In  1845,  Mr.  Welby  Jackson^  communicated  a  short  account  of  the 
Birbhum  iron  works  as  they  were  then  carried  on  by  natives.  There 
were  about  thirty  furnaces,  which  he  says  produced,  at  a  cost  of  Rs.  17, 
about  25  maunds  of  iron  at  each  smelting,  which  lasted  for  four  days 
and  nights.  He  alludes  to  the  work  as  gradually  destroying  all  the  fuel 
in  the  vicinity.  The  farmer  of  the  loha  mekaU  claimed  one  rupee  for 
each  smelting  and  6  pice  on  each  maund  of  refined  iron.  Mr.  Jackson 
enquired  into  the  monopoly  which  struck  him  as  curious,  and  was  told 
that  it  came  alK>ut  as  bus  been  above  describetl.  He  left  the  district 
before  he  had  fully  enquired  into  the  matter,  but  he  states  that  he  doubted 
the  right  claimed  and  could  not  conceive  how  it  had  originated.  He 
was  not  apjmrently  aware  of  the  full  facts  of  the  case,  namely,  that  a  pre- 
deoesBor  of  his  had  sold  on  behalf  of  the  Raja's  estate  what  was  really 
Government  property. 

'   Jour.  An,  &«.  Bengal,  Vol.  XTl.  1843»  p.  6». 
*  Op.  cit..  Vol.  XIV,  p.  764. 
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The  next  account  by  Mr.  II.  Torreus  appeared  in  1850.  He  Je- 
scribes  th(i  iron-smelters  of  the  hills  as  an  itinerant  raqe  using  small  fur- 
naces; they  belonged,  he  says,  to  the  Santhal  tribe  (they  were  really  a 
loeal  tribe  of  Munda  Kols),  The  price  of  the  iron  on  the  spot  was  Rs.  3 
a  mauud. 

Two  years  later  Dr.  Oldham  reported  on  the  iron  ores  of  Birbhum 
and  the  Damuda  valley.  His  attention  had  been  especially  directed  by 
the  Court  of  Directors  to  the  question  of  iron  manufacture  in  connec- 
tion with  the  introduction  of  railways  into  India.  In  this  paper  there 
is  the  first  description  of  the  nature  and  mode  of  occurrence  of  the  ore^ 
which  is  described  as  consisting  of  partly  earthy  and  partly  magnetic 
oxides  of  iron,  which  occur  disseminated  among  and  spreading  in  an 
entangled  manner  through  soapy  trappean  claystone^  its  origin  being 
due  to  infiltration  into  cracks  and  joints.  The  bed  or  layer  impregnated 
was  stated  to  be  5  feet  thick.  Altogether  Dr.  Oldham's  opinion  as  to 
the  available  amount  of  ore  was  that  the  supply  was  not  so  gi'cat  as 
subsequent  investigations  liave  shown  it  to  be.  Native  furnaces,  on  the 
large  scale  which  seems  to  distinguish  those  of  Birbhum  from  any  found 
elsewhere  in  India,  were  in  operation  at  four  centres,  namely,  Balliaj 
Narainpur,  Deocha,  Dumra,  and  Goanpur.  At  Deocha  there  were  thirty 
furnaces  for  the  retluction  of  ore ;  these  were  worked  by  Mahomcdane,  the 
refiners  being  Hindus.  The  estimated  average  outturn  from  each  furnace 
in  the  year  was  34  tons  of  iron,  and  as  there  were  believed  to  be  in  all 
seventy  furnaces,  the  total  outturn  of  kachcha  iron  was  estimated  at  ii,380 
tons  in  the  year.  In  these  furnaces  the  kachcka  iron,  unlike  that  produced 
in  other  parts  of  India,  formed  at  the  bottom  of  the  furnace  in  a  molten 
condition,  and  resembled  good  pig-iron.  The  refilling  was  really  a  sort 
of  puddling  process,  which  induced  a  pasty  condition  admitting  of  the 
iron  being  drawn  out  and  hammered  until  it  became  thoroughly  malle- 
able.^ Ten  maunds  of  the  kachcha  iron  were  said  to  yield  seven  niaunda 
and  ten  seers  of  the  pakka,  from  which  the  outturn  of  refined  iron  was 
deduced  to  be,  in  round  numbers,  1 ,700  tons,  at  a  cost  of  £I<-'l«-0  per  ton. 
To  prepare  this  in  marketable  shape  as  bars,  &c.,  would  require,  according 
to  Dr.  Oldham's  estimate,  an  expenditure  of  50  i)er  cent,  additional,  the 
final  result  being  that  at  £(3-6-0  it  could  not  compete  with  Engh^h  iron, 
at  the  prices  then  prevailing  in  Calcutta,  though,  being  a  charcoal  iron, 
itv  softness  made  it  better  suit-cd  for  some  purposes  than  English  iron. 
In  view  of  the  daily  increasing  difiiculty  about  fuel,  Dr.  Oldham  finally 
comtludcd  that  the  absence  of  economical  fuel  and  the  scanty  supply  uf 


VitU  Euginot'm'  Jourunl,  CiUcutto,  Vol.  Ill,  |i.  118. 
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ore  determined  tlie  inapplicability  of  any  extended  series  of  operations 
for  smelting  and  manufacturing-  iron  in  the  district  of  Birbbum. 

In  a  paper  read  before  the  Asiatic  Society  in  1854,  Dr.  Oldham 
describes  the  iron  manufacture  by  the  Kols  of  the  Rajmahal  hills.  The 
principal  sources  of  the  ore  were  the  ferruginous  sandstones  which  over- 
lie the  trap.  Sometimes,  however,  they  use<i  a  lateritic  ore,  Alliisiou 
ifi  made  to  an  old  report  that  Sikrigalli  was  a  suitable  place  for  the 
manufacture  of  iron,  but  it  is  stated  that  there  was  no  ground  for  sup- 
posing that  there  existed  in  that  vicinity  conditions  favourable  for  such  a 
manufacture.  This  report  api)ears  to  have  been  originated  by  Mr.  Jones, 
who  in  1829  stated,  apparently  on  hearsay,  that  large  iron,  mines  hsA 
been  worked  at  Sikrigalli  and  Pirpainti.  It  would  not  perhaps  be  safe  to 
Bay  that  no  iron  exists  in  these  neighbourhoods,  but  it  is  very  unlikely 
that  large  deposits  exist,  and  it  is  doubtful  whether  there  were  ever 
any  furnaces  near  either. 

Somewhere  about  the  year  1855,  Messrs.  Mackey  and  Co.,  of  Cal- 
cutta, started  the  Birbhiim  Iron  Works  Company,  aud  fixed  upon  Maho- 
med Bazaar  as  the  site  for  their  factories  and  furnaces.  In  1856  their 
property  was  reported  on  by  Mr.  James  Barratt,*^  and  he  speaks  in  glowing 
terms  of  its  value,  especially  as  regards  the  quantity,  quality,  and  variety 
of  iron  ores  to  be  found.  Tlie  coal  at  Piinchbyni,  he  admits,  is  unfit  for 
smelting,  but  thinks  better  qualities  may  be  found  below.  A  bed  of 
limestone  at  Sitakabr,  2  miles  south-west  of  Dumka,  is  mentioned,  but 
this  does  not  appear  to  have  ever  been  exploited. 

In  1868,  Mr.  Sowerby,*  in  his  report  on  the  Kumaun  mines,  made 
some  depreciatory  remarks  regarding  Mr.  Mackey^s  iron  works,  which 
called  forth  a  rejoinder  from  that  gentleman  and  his  manager,  Mr. 
Casperz.*  Tliey  stated  that  the  ore  they  were  using  contained  40-5  per 
cent,  of  iron,  was  readily  fusible,  and  that  they  were  turning  out  two 
tons  of  pig  a  day,  which  had  been  reported  on  in  England  to  be  cqu:il 
to  No.  1  gray  pig.  It  wus  stated  that  one  ton  of  iron  could  be  deli- 
vered in  Calcutta  at  Rs.  37,  which  would  enable  it  to  compete  favour- 
ably with  English  met^l ;  but  that  as  a  mutter  of  fact  better  prices  could 
be  obtained  nearer  at  hand.  In  spite  of  all  this,  operations  from  one 
cause  or  another  ceased  from  time  to  time. 

In  181)0,  Mr.  W.  T,  Bhinford  reported  at  considerable  length  on  tJie 
condition  of  Messrs.  Mackey's  iron  works,  and  the  best  method  of 
improving   the  outturn.     His  deputation  was  in  resjwnsc  to  a  B])ecial 

*  Jour.  Ail.  8oc.  Uungiii.  Vol.  XXIII.  p  279. 

'   B«fport  to  Messi-v.  MhcIscv  hiiU  Co.,  il*Utl  Kir>ihuui  Iron  NN'orks.  l>i>LcmWr  1856. 

'  .Si'Urtioni  from  Kwords,  liovenimotit  of  IihUm.  No,  XXVI,  p.  &H. 

«  Engineers'  Jouraat,  Calcutta,  Vol.  HI,  pp.  5«,  HH,  106, 118. 
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application  miule  by  Mr.  Mackoy  for  an  inspectioo  by  a  Government  officer 
in  uriticipation  of  an  attempt  to  increjise  the  capital  with  a  view  to  the 
enlargement  of  the  works,  Mr.  Blanford  gives  the  following  conclusions 
in  recapitulation  of  his  report  :^ 

(1)  That  the  manufacture  of  iron  is  at  present  carried  on  at  a 

(2)  That  by  the  emplo^Tnent  of  additional  capital,  and  increasing 

the  production,  the  cost  may  be  very  far  diminished,  and 
the  iron  lie  produex^d  at  the  works  for  a!)0ut  Rs.  37  ^  and 
supplied  in  Calcutta  for  Re.  44 J  per  ton ; 

(3)  That  tbe  price  of  English  iron  in  Calcutta  for  the  last  ten 

years  has  averaged  considerably  more  than  the  above  sum, 
vis. J  Ks.  6 1-6,  and  that  for  the  last  six  years  it  has  averaged 
Rs.  57-11  per  ton,  which  prices  exceed  the  estimate  of  ihe 
cost  of  Birbhum  iron  in  the  proportion  of  16  and  20  per 
cent,  respectively ; 

{ i)  That  the  iron  produced  is  of  quality  superior  to  ordinary 
EugUsh  pig-iron,  that  it  is  generally  gray,  and  that  it 
a})pears  to  be  well  suited  for  castings  requiring  strength 
and  toughness ; 

{h)  That  the  supplies  of  ore,  flux,  coal,  and  charcoal  are  sufficient 
for  works  of  moderate  size,  provided  careful  supervision  is 
exercised  over  the  cutting  and  burning  of  the  wood  for 
charcoal ; 

(6)  That  tbe  supply  of  charcoal,  and  perhaps  also  of  flux,  is  not 

sufficient  for  very  large  works ; 

(7)  That  economy  will  be  consulted  by  erecting  different  fur- 

naces at  different  places  in  the  district,  the  neighbourhood 
of  Panchbaini  and  Gnnpur,  for  instance,  being  apparently 
adapted  for  the  production  of  iron  at  a  lower  cost  than 
can  be  effected  at  MahomiHl  Bazaar ; 
(S)  That  the  district  is  not  so  well  qualified  for  the  manufacture 
of  iron  by  means  of  coal,  as  is  the  neigh bourhixxi  uf 
Haniganj,  and  thot  works  established  at  Birbhum  would 
have  to  compete  at  great  disadvMitage  with  any  estab- 
lished in  ihe  Damuda  field. 
The  OM  in  Birbhum  occurs  in  beds  towards  the  base  of  tbe  laterite. 
Those  are  poteibly  not  constant  in  thickness  for  long  distances,  bat  on 
this  point,  since  they  are  only  kno^ni  from  the  sections  made  in  shallow 
pits,  tlicre  is  no  definit<^  information.     It  has  been  £air1y  established,  how- 
ever, that  ore  is  abundant,  and  th»t  it  contains  a  high  percentage  of  in>D> 
cwoanQiiailj  nearly  60  per  eent.  and  averaging  ever  40. 
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Iq  the  year  1875  Mr.  Hughes  rei>ort6(l  on  the  prospect  of  iron 
niaimfacture  in  Birbhum,  and  shortly  afterwards  Messra.  Burn  and  Com- 
pany commenced  operations ;  but  after  some  months'  trial  it  was  found 
that  the  prospect  of  enlarging  the  works  did  not  promise  to  be  a  profitable 
speculation,  and  thus  the  last  of  the  many  attempts  to  manufacture  iron 
which  have  been  made  in  this  area,  ceased. 

There  can  be  little  doubt  that  the  fuel  is  wholly  insufficient.  It  is 
now  even  less  abundant  than  it  was  when  Mr.  Blanford  wi*ote.  The  native 
rights,  real  or  assumed,  would  be  a  constant  source  of  annoyance  and 
trouble,  and  though  the  ores  are  somewhat  richer  there  is  no  compari8i>n 
between  the  advantages  of  this  area  and  those  of  the  Ilaniganj  field. 
Further  information  on  the  subject  will  be  found  in  the  work  noted 
below.  * 

Monghyr  District. — Iron  ores  occur  both  in  the  laterite  and  in 
thin  bands  in  the  schists  of  the  Kharakpur  hills,  and  the  making  of  iron 
18  still  practised  to  a  small  extent.  The  richest  source  of  iron  ore  is  said 
to  be  situated  near  Bhimband.  In  several  places  ochreous  ores  are  em- 
ployed as  pig-meuts. 

It  may  be  of  interest  to  state  here  the  circumstances  connected  with 
the  discovery  of  a  mass  of  iron  in  this  region,  which  was  forwarded  to 
the  Asiatic  Society  at  Mr.  Piddington's  request  by  Captain  Sherwill,  It 
was  stated  to  have  been  originally  found  embedded  in  the  soil  on  the 
top  of  the  Kharakpur  hills,  and  it  had  been  exhumed  and  worshij>ped  for 
many  years  by  the  hillmen.  Its  weight  was  156^  pounds.  Mr.  Pid- 
dington*  published  two  papers  on  the  subject  in  the  Journal  of  the 
Society,  in  which  he  came  to  the  conclusion  that  it  was  a  veritable  meteoric 
iron,  having  found,  he  believed,  traces  in  it  of  nickel,  cobalt,  and  chro- 
mium. In  1802  Prof.  Haidinger  '  published  a  short  paper  on  a  sample 
of  this  iron,  in  which  he  shows  that,  according  to  an  analysis  by  Herr  Karl 
Ritter  von  Hauer,  the  mass  consisted  of  98  per  cent,  of  iron  with  silica 
and  carbon,  but  that  there  were  no  traces  of  the  above-mentioned  metals, 
the  conclusion  from  which,  and  from  the  physical  characters,  was  that  it 
was  not  of  meteoric  origin. 

The  original  is  now  in  the  Museum,  and  on  a  comparison  with  a  bloora 
from  a  native  furnace  in  Hazaribagh,  it  is  seen  to  be  of  absolutely  iden- 
tical clmracler,  and  not  a  vestige  of  doubt  can  remain  that  it  was  made  in 
an  ordijiary  native  furnace,  the  heai'th  being  accidentally  somewhat  larger 
than  usual,  as  was  evidently  the  case  from  the  inetjuilateral  shape  of  the 
mass.      A   projecting  circular  portion  on  the  upi>er  surface  exactly 

'  Mem.,  O.  8. 1..  Vol.  XIII,  Part  8,  p.  87. 

»  Jour.  As.  Soc,  Bt-n^l,  Vol.  XVII,  p.  638  ;  ati.l  WII  f.    j,.  in. 

•  »itiung»b.  der  Akademie,  Wien.  XLV.  p.  fi7a, 


S68 


OEOLOOY  OP  rNDIA— IRON. 


[Chap.  Vni. 


corresponds  with  what  is  seen  on  ordinary  blooms^  which  show  the  shap* 
of  the  Lase  of  the  cylindrical  shaft  of  the  furnace  before  it  opens  into  th<-' 
hearth.  It  is  possible  that  owing  to  the  accidental  size  of  this  bloom 
it  was  unmanageable^  or  was  perhaps  thought  to  be  uucannyj  and  it  was 
therefore  made  an  object  of  worship.*  In  fact  the  only  thing  remarl  ^' 
about  it  is  that  it  is  purer  and  less  mixod  up  with  extraneous  nu 
than  is  commonly  the  case. 

An  iron  mine  in  the  Kharakpur  hills,  which  was  visited  by  the  writer, 
had  been  deserted  in  consequenoe,  as  the  natives  say,  of  some  of  the  ore, 
when  smelted,  changing  into  milk  and  blood,  which  was  followed  by 
deaths  in  the  families  of  the  persona  engaged.  It  is  possible  that  th'.* 
ore  may  have  contained  lead  or  tin,  and  the  resulting  white  metal  may 
have  been  thought  by  the  superstitious  smelters  to  be  the  harbinger  of 
disaster. 

Raniganj  field. — The  literature  referring  to  the  iron  deposits  of 
this  area,  though  considerable,  is  less  voluminous  than  that  on  the  iron 
ores  of  some  other  parts  of  India.  It  dates  back  to  a  period  fifty  years 
ago,  since  which  time,  at  intervals,  propositions  have  been  made  to  start 
iron  works,  and  at  one  time  the  Bengal  Coal  Company  U>ok  some  preli- 
minary steps  with  reference  to  the  manufacture  of  iron  on  a  large 
scale,  but  althouo:h  some  of  the  machinery  was  ordered  nothing  further 
was  done,  as  the  company  concluded  that  it  would  be  safer  for  them  to 
confine  their  operations  to  coal -mining. 

It  was  not  until  the  year  1874  that  the  matter  was  regularly  taken 
up  and  a  company  formed  under  the  title  "Bengal  Iron  Compauy/'  In 
the  year  1879  this  company  ceased  operations.  Tlie  causes  which  brought 
about  this  disaster  were  principally  due  to  the  fatal  and  initial  error  of 
starting  with  insufficient  capital,  which  only  amounted  to  £100,UOi). 
An  altogether  unexpected  and  heavy  charge  for  the  land  which  waa 
taken  up  made  a  serious  inroad  into  this  sum.  Hopes  were  raised  that 
Government  aid  would  be  forthcoming  to  enable  the  company  to  obtain 
additional  capital  from  the  public  upon  moderate  terms,  but  unfortunately 
the  security  asked  for  was  nf>t  granted.  Money  was  raised  on  debentures, 
but  at  a  high  rate  of  interest,  and  although  the  Government  so  far  aid(H] 
the  com])auy  that  it  gave  large  orders  for  eastings,  the  work  had  to  1h? 
stopped,  and  a  large  number  of  people  were  thrown  out  of  employment, 
the  shareholders  lost  their  money,  and  the  coal  trade  suifered  from  the 
loss  of  a  good  customer. 

Material  exists  for  giving  a  very  complete  account  of  what  wan 
accomplished  by  tlic  company,  but  as  much  of  it  consists  of  deUiils 


*  Vide  I'roc.  JkM.  8oc.  Beiig*!.  Angtut  1880. 
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hardly  suitable  to  these  pages,  and  as  they  are,  moreover,  ftocessible  in 
original  to  thuBe  who  may  be  specially  interested,  the  following  brief 
account  *  of  the  materials  which  are  available,  and  the  character  of  the 
iron  which  was  turned  out,  will  probably  be  suiEcient  for  present  pur- 
poses. Should  a  new  company  ever  be  formed,  it  will  have  the  immense 
advantage  of  availing  of  the  experience  acquired  during  this  first  costly 
eiperiment.  In  matters  of  detail  as  to  the  form  of  the  furnace  and  the 
economy  of  heat,  preliminary  calcination  of  ore  and  flux,  &e.,  &c.,  there 
was  much  improvemeut  possible,  and  that  iron  would  have  been  turned 
out  ultimately  at  a  cheaper  rate  and  better  quality,  had  the  cf>mpaiiy 
survived,  it  is  impossible  not  to  believe. 

Ores. — The  iron  ores  of  the  Raniganj  field  all  occur  in  the  ironstone 
shale  group  which  intervenes  between  the  two  coal-bearing  groups,  Rani, 
ganj  and  Barakar,  of  the  Damuda  series.*  These  irousUmo  shales  have  a 
wide  extent,  being  traceable  by  their  outcrops  at  the  surfa(«  for  a  distance 
of  several  miles.  The  estimated  thickness  of  the  group  is  1,400  feet.  The 
ore  does  not  occur  throughout,  l)eing  most  abundant  towanls  the  top  and 
iKittom,  where  it  occurs  in  bands,  lenticular  masses,  and  strings  of  nodules. 
It  is  a  clay  iron  ore  somewhat  altered  at  the  surface.  In  places,  too,  a 
regular  black  band  has  been  met  with.  As  a  general  rule,  it  is  easily 
obtained  at  or  near  the  surface,  and  for  a  long  time  regular  mining  would 
not  be  necessary.  In  the  case  of  the  Bengal  Iron  Company,  the  ore 
which  was  used  was  collected  on  the  company's  property,  and  cost  when 
laid  down  at  tlie  furnaces  only  eight  annas  a  ton,  or  a  very  much  less 
8um  than  previous  estimates  had  allowed  for  it. 

Analyses  by  Messrs.  E.  Riley  and  H.  Foster'  rcsjiectively  gave  the 
following  results  of  ores  used  by  the  company  : — 

Iron  a»  peroxide         .... 

Mauganoftc  m  protoxide 

Lime  aud  mag^noAia   .... 

Alumina    .... 

Silica  .         . 

Phosphoric  a*'id 

Sulphur 

Water 


ToUl  . 


I  DeriTod  fmm  oAciaI  pnptrn  and   tnfonniktton  kliullT   «u))pltoc| 
agvntN. 

'  W.  T.  Blanford.     Mem..  0,  8.  I.,  Vol.  III.  p.  lUl. 
■  tjee  Mr.  News'  ItopoH.  Oatettr  of  India,  1870. 
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An  analysis  by  Mr.  Pedler  of  an  ore  which  was  also  used  gave  the 
following  result,  showing  that  the  constituents  vary  to  an  extent  which 
might  cause  serious  trouble  in  the  furnaces  were  a  chemist  not  at  hand  to 
constantly  check  the  proportions  of  the  charges  from  time  to  time : — 

Silica  and  silicates,  insolable  in  acids 25*41 

Iron  as  protoxide  Fe  0 1*26 

Iron  as  peroxide  Fe  3  0  s 43*09 

Aluminum  oxide 12*53 

Calcium  carbonate 6*72 

Magnesium  carbonate 1*88 

Phosphorous  protoxide  F  3  0  t 1*25 

Water  driven  off  at  120** 3*96 

Combined  water,  carbonic  acid  combined  with  iron  oxide 

and  alkalies 3*90 

Total        .        .    100*00 


IroD. 

PboiphoniB. 

loMlnble. 

29*5 

0*398 

14*57 

24*24 

1*004 

28*73 

49-63 

0-420 

13-50 

34*84 

0-363 

16-85 

38-63 

1*960 

16-63 

38*09 

1-830 

1709 

Mr.  Banerman  gives  the  following  as  the  result  of  the  assays  of  ores 
which  were  obtained  by  him  in  this  region : — 


Barakar  carbonate . 

Badul  „        .        .        . 

Grand  Trunk  Road  near  Barakar 

Ditto  ditto 

Brown  ore,  Barakar  railway  . 

Ditto  ditto 

For  other  analyses  reference  should  be  made  to  two  papers  on  the 
subject  by  Mr.  Hughes.* 

Flux.— Although  the  existence  of  two  principal  and  several  minor 
sources  of  rock  limestone  had  been  known  for  nearly  ten  years*  before 
the  Bengal  Iron  Company  came  into  existence,  and  a  map  indicating  their 
positions  had  been  supplied  by  the  Geological  Survey,  still  attention  was 
at  first  rather  directed  to  the  employment  of  kankar  oigutin,  or,  in  default 
of  it,  to  the  limestone  of  Rotas.  The  irregularity  in  composition  of  the 
former  and  the  high  price  of  the  latter  (when  delivered  at  the  works), 
showed  that  they  were  both  unsuited  to  the  requirements,  and  at  length 
attention  was  directed  to  the  above-mentioned  sources.  One  of  these  was 
a  bed  of  dense  gray  limestone,  in  places  11  to  12  feet  thick,  which  occurs 

'  Reconl«,  G.  S.  I.,  Vol,  VII,  pp.  20,  122. 
"  Op.  oil.,  Vol.  X,  p.  152. 
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associated  with  the  top  of  the  Raniganj  or  the  base  of  the  PiEushete 
rocks  at  the  north-western  base  of  the  hill  bearing  the  same  name.  The 
other  locality  was  situated  a  few  miles  to  the  south-west  of  this,  in  the 
neighbourhood  of  Hansapathar,  in  crystalline  rocks.  One  other  locality 
where  limestone  occurs,  though  the  extent  of  the  deposit  is  not  known^ 
is  situated  on  the  line  of  fault  bounding  the  coal-field  at  Jamuan,  6  miles 
to  the  south'  of  Baniganj  and  9  miles  to  south-east  of  Assensole.  As 
it  occurs  in  a  fissure,  it  is  possible  that  it  may  not  be  extensive.  A 
dolomitic  limestone,  possibly  of  greater  extent,  is  found  near  Ramlall- 
pur,  about  7  miles  south  of  Raniganj,  but  this  is  less  likely  to  afford 
a  suitable  flux.  The  two  first-mentioned  sources,  since  they  have  been 
opened  up,  it  is  now  known,  would  afford  inexhaustible  supplies  of  flux^ 
though  not  of  the  best  qualities. 

The  following  analyses  by  Mr.  Pedler  indicate  high  percentages  of 
impurities : — 


Insoluble  silica  and  silicates 
Calcium  carbonate . 
Magnedum  carbonate 
Aluminum  oxide 
Iron  oxide 
Alkalies 


FMhetc 

HuMpathar. 

11-99 

31*31 

71-46 

67-30 

8*21 

0-67 

6-66' 
2-66) 

0-73 

•06 

•09 

Total 


10000 


100^00 


Mr.  Mallet  *  has  given  a  very  full  account  of  the  mode  of  occurrence 
of  these  two  limestones.  At  the  time  he  examined  them  they  had  been 
opened  up  to  some  extent,  and  there  was  therefore  greater  facility  for 
examination  than  when  they  were  first  discovered.  His  analyses  are  as 
follows :— 


PAOHin. 

Upper.             Lower. 

Haaiapathar. 

Calcium  carbonate     . 

.     45*06 

63^40 

83-43 

Magnesium  carbonate 

.    11-63 

14-41 

•78 

Ferrous          „ 

.      3-64 

4-16 

•68 

Ferric  oxide 

•28 

-62 

... 

Phosphoric  acid  . 

.        ^07 

•12 

•02 

Insoluble    . 

.    39-28 

19-28 

16-18 

Total    . 


.    99-86         101-! 


10109 
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The  upper  band  at  Pachete  was  not  used.  The  Hansapathar  rock  is 
practically  inexfaaustible>  the  outcrop  indicates  a  thickness  of  150  ieei, 
and  it  is  traceable  for  2  miles. 

The  cost  of  these  limestones^  when  delivered  at  the  works^  amounted 
to  Rs.  4  per  ton,  which  included  charges  for  10  miles  carting,  crossing 
the  Damuda  in  boats,  quanying,  and  royalty.  This  was  a  high  price  as 
compared  with  that  of  kankar,  which  could  have  been  delivered,  it  was 
estimated,  at  a  cost  of  Rs.  2  per  ton. 

Fuel. — ^The  principal  fuel  used  was  coke,  which  was  made  from  the 
coal  of  the  Karharbari  mines,  in  the  field  of  the  same  name,  or  from  the 
coal  obtained  in  the  mines  at  Sanktoria,  Pura,  and  Belrui,  all  of  which 
are  in  the  Baniganj  field,  and  within  a  radius  of  8  miles  of  the  iron 
works.  That  from  Pura,  at  a  cost  of  Bs.  10,  delivered  at  the  works, 
was  chiefly  used.  An  analysis  of  it  by  Mr.  Pedler  gave  the  following 
result : — 

Fixed  carbon 84-36 

Sulphur -24 

Ash             14-84 

Water -56 


lOCWK) 


A  daily  outturn  of  twenty  tons  from  one  of  the  furnaces  required  a 
charge  of  the  above  materials  in  the  following  proportions : — 

Iron  ore 36-62  tons. 

Coke 27-6      „ 

Limestone 23*        „ 

The  yield  of  pig,  therefore,  was  nearly  23  per  cent. 

The  pig  iron  produced  left  the  furnace  in  a  highly  fluid  condition, 
the  consequence  of  which  was  that  it  made  sharp  castings,  but  this  indi- 
cated the  presence  of  a  large  percentage  of  phosphorous,  and  on  analysis 
it  was  found  that  an  amount  wm  present  which  a  few  years  ago  would  have 
operated  very  prejudicially  if  the  pig  was  intended  for  conversion  into 
wrought  iron  or  steel.  By  the  application  of  the  new  dephosphorising 
process,  patented  by  Messrs.  Thomas  and  Gilchrist,  this,  though  it  is 
believed  that  in  England  it  causes  an  extra  expense  of  15  shillings  per  ton, 
has  been  found  capable  of  producing,  from  phosphoretic  ores,  when  treated 
in  the  Bessemer  converters,  a  quality  of  steel  equal  to  that  obtained  from 
ores  which  arc  comparatively  free  from  phosphorus. 
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Several  analyses  of  the  pig,  which  were  made,  gave  the   following 
results : — 


Tatlock. 

Pcdler. 

U&llct. 

Iron 

.     90-16 

90-580 

91 -91 

Carbon  combined  . 

•3« 

•138 

j  271 

„      as  graphite 

• 

210 

2700 

Manganese 

•G9 

•968 

Silicon 

1'32 

4139 

313 

Sulphur 

07 

•116 

•30 

Pbospiiorua 

Total 

'J- 30 

1-359 

UxrOiTO 

196 

.  loono 

loo^oo 

The  average  percentage  of  phosphorus  derived  from  these  would  be 
1'809;  the  precise  sourco  of  this  large  proportion  is  somewhat  ohsfure, 
but  probably  the  flux  as  well  as  the  ore  coatributed  to  it. 

As  a  means  of  reducing  this,  and  also  of  generally  improving  ttie 
character  of  the  steel,  the  application  of  the  dephfisphorising  process  in 
Bessemer  converters  would  doubtless  prove  to  be  completely  efficient. 

Prom  its  commencement  to  the  time  of  its  stoppage  the  Bengal 
Iron  Company  made  12,700  tons  of  pig  iron.  The  daily  outturn  was 
20  tons.  At  first  tho  cost  amounted  to  Ks.  80  per  ton,  but  this  was 
subsequently  reduced  to  Ha.  40,  and  had  Ixith  furnaces  been  in  oi>eration 
together  it  was  estimated  that  the  cost  would  have  been  further  reduced 
to  Rs.  33. 

Mr.  Bauerman's  estimate  of  the  probable  cost  of  iron  made  in  the 
Raniganj  field  was  £5  a  ton.  The  quaHty  of  the  metal,  taking  the  average 
of  the  ores,  would,  he  considered,  resemble  that  of  Clevelnnd  or  Nor- 
thamptonshire, and  such  as  might  be  used  for  common  casting  and  for 
tail  manufacture,  but  not  for  making  high -class  malleable  iron.  He 
considered  therefore,  that,  except  when  prices  were  exceptionally  high  in 
England,  iron  could  not  be  made  profitably  at  Raniganj. 

The  applicability  of  Sieman's  process  and  others  for  direct  conversion 
of  the  iron,  without  contact  with  the  fuel,  has  been  discussed  by  several 
of  the  writers  on  these  ores. 

Manbhum  District. — Although  a  portion  of  the  Raniganj  coal- 
field is  situated  within  the  limits  of  ttie  Manbhum  district,  it  has  been 
more  convenient  to  treat  of  the  iron  ores  of  that  field  collectively,  as, 
though  the  localities  were  all  included  in  Bard  wan,  further  reference  to 
them,  therefore,  need  not  be  made  here. 

In  the  Jharia  coal-field  both  Mr.  D.  Smith  and  Mr.  Hughes*  have 
reported  unfavourably  as  regards  the  quality  of  the  iron  in  the  ironstone 
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shalo  group.  Acooixiiiig  to  the  latter,  they  are  so  silicious  that  the 
native  smelters  can  do  little  with  them.  The  ore  they  chiefly  use  consists 
of  ferruginous  concretions  from  beds  of  shale  and  sandstone  of  various 

BgCS. 

Throughout  Manhhum,  in  those  parts  where  metamorphic  rocks  pre- 
vail, greater  or  less  quantities  of  magnetic  iron  sand  are  to  be  found  in 
the  beds  of  rivers,  and  scattered  generally  throughout  the  superficial 
deposits ;  occasionally  titaniferous  ore  is  associated  with  this  maguetir- 
sand,  and  this  may  perhaps  account  for  the  excellent  quality  of  some  of 
the  iron  which  is  produced.  It  is  exceptional,  however,  to  find  this  sand 
need,  as  its  collection  is  troublesome,  and  it  is  generally  found  necessary  to 
grind  it  to  a  fine  powder  before  smelting  it.  No  very  considerable  deposits 
of  magnetic  ore  have  been  yet  found  in  the  metamorphic  rocks ;  one  of 
the  most  important  as  regards  position  is  found  in  a  small  hill  near  Teludhi, 
close  to  Baharinath.  It  has  been  supposed  that  a  large  amount  of  ore 
could  be  obtained  there  to  mix  with  the  ironstone  ore  of  the  Raniganj 
field,  but  this  is  doubtful  judging  by  the  appearance  which  is  presented 
at  the  outcrop. 

In  the  sub-metamorphic  rocks,  far  to  the  south,  there  are  some  appa- 
rently bedded  magnetites  seen  in  the  section  in  the  Kasai  river.  These  at 
first  sight,  on  the  weathered  sarface,  so  resemble  the  interbeddod  or  meta- 
diorites  that  their  true  character  as  massive  bright  ore  is  not  recognised 
imtil  they  are  broken.  These  would  probably  yield  a  lai^  supply  of 
ore,  but  they  are  rather  inaccessible. 

At  various  places  along  the  line  of  disturbed  junction  between  the 
metamorphic  and  sub-metamorphic  rocks  of  Manbhum,  which  runs  nearly 
due  east  and  west  across  the  district,  there  are  veins  or  lodes  of  retl  and 
brown  haematites ;  the  latter  sometimes  in  great  abundance.  Doubtless 
this  deposit  has  resulted  from  infiltration  on  the  line  of  fracture.  In  many 
places  replacement  has  boon  in  operation,  and  the  iron  is  now  represented 
by  quartz  which  is  pseudomorphic  after  micaceous  iron. 

The  principal  of  these  lodes  are  indicated  on  the  recently  published 
ma^)  of  this  district,'  and  the  [wsitions  of  other  deposits  further  south 
are  also  shown ;  some  of  the  latter  occur  in  close  relationship  with  the 
Dalma  trap.  These  ores  would  be  of  great  value  if  situated  nearer  to  the 
Eanigauj  coal-field,  but  thoir  position  would  involve  long  and  difficult 
carriage. 

Native  furnaces  of  the  form  which  will  be  described  in  the  account 
of  Lohardaga,  and  which  is  represented  by  Plate  V,  are  in  operation 


i  Mein..  G.  8. 1..  Vol.  XVUI,  Pt.  IL 


Economic  Geology- J 


HAZARIBAGH  DlSTUK^r. 


875 


throughout  the  area,  and  the  vast  accumiilatious  of  elag  testify  to  the 
antiquity,  rather  perhaps  than  to  the  magnitude,  of  the  manufacture. 

Singbhum  District.— Although  iron  ores  are  perhaps  not  so  abun- 
dant in  this  district  ae!  they  are  in  Manbhura,  there  are  still  several 
localities  where  supplies  of  good  ores  could  be  obtained^  in  any  quantity, 
and  without  much  difficulty. 

A  large  proportion  of  the  ore  used  in  native  furnaces  in  some  parts 
of  the  district  is  derived  from  ferruginous  schists,  but  from  these  sources 
no  regular  or  considerable  supply  could  be  obtained.  As  in  Manbhum, 
very  pure  hsBraatites  occur  in  association  with  the  trap.  In  the  east- 
ern parts  of  the  district  laterite  ores,  as  is  also  the  case  in  Manbhum^ 
though  not  mentioned  above,  are  sometimes  used  by  the  iron-workers. 

By  far  the  most  promising  source  of  iron  ore  in  Singbhum  is  to  be 
found  in  a  number  of  lodes  or  veins  which  occur  in  the  noiglibourhood 
and  to  the  west  of  the  town  of  Chaibassa.  Some  of  them  might  prove 
rather  refractory,  still  the  fact  that  others  are  used  by  the  natives  ia 
encouraging:,  but  what  more  than  anything  else  gives  them  an  es|jeeial 
value  is  that  many  of  them  are  manganiferous  to  some  extent,  and  it  is 
just  possible  that  they  might  prove  suitable  for  the  manufacture  of 
a  substitute  for  npifgdeUenfZ.r\A  might  be  made  available  for  iron  works  in 
the  Raniganj  field  if  the  line  of  railway  to  the  Central  Provinces  should 
pass  near  them. 

Hazaribagh  District. — An  altogether  imaginary,  exceptional  rich- 
ness and  abundance,  which  has  been  attributed  to  the  iron  ores  of 
Hazaribagh,  as  contrasted  with  those  of  the  adjoining  districts,  has  been 
the  cause  of  various  schemes  being  promulgated  for  the  establishment 
of  iron  works  there. 

It  is  perfectly  true  that  rich  iron  ores,  fuel,  and  flux  are  all  found  in  the 
district,  and  it  is  further  the  case  that  a  large  amount  of  iron  is  annually 
produced  from  native  furnaces ;  but  in  reference  to  no  one  of  these 
items  can  Hazaribagh  compare  favourably  with  Rjinigaoj  or  Palamow,  and 
as  regards  accessibility  the  advantages  possessed  by  both,  the  former 
especially,  would  go  far  to  make  up  any  inferiority  in  other  respects  if  it 
had  any  existence,  which,  however,  it  has  not. 

In  the  area  occupied  by  the  crystalline  or  metaraorphic  rocks  there 
are  numerous  localities  where  the  existence  of  magnetite  in  abundance 
had  been  reported;  these  were  all  examined  by  Mr.  H.  Bauerman  and 
the  writer,  and  in  not  one  single  case  was  there  any  evidence  of  an 
abundance  of  ore,  but  rather  the  contrary ;  while  in  many  eases  the  sup- 
posed magnetite  proved  in  reality  to  be  massive  ganiet,  or  the  calderite 
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of  Piddington ;  this  might  perhaps  be  capable  of  affording  a  flux^  but  to 
be  regarded  as  an  ore  of  iron  it  has  no  claim. 

In  the  valley  of  the  Damuda  the  supplies  of  ore  used  in  native 
furnaces  are  chiefly  drawn  from  the  weathered  outcrops  of  the  ironstone 
group  of  tbe  Damuda  series  which  is  represented  in  both  the  Bokaro  and 
Karanpura  fields.     The  native  furnaces  are  numerous. 

Lohardaga  District. — Except  in  the  sub-division  of  Palamow,  and 
the  Toree  pargana,  there  are  no  coal-fields  in  this  district.  Putting  it  out 
of  consideration,  therefore,  for  a  moment,  the  sources  of  iron  ore  in  Lohar- 
daga are  all  included  in  the  two  series  of  metamorphosed  rocks  and  in  the 
laterite.  So  far  as  is  known  at  present,  these  sources  are  nowhere  of 
exceptional  richness,  nor  does  the  indigenous  manufacture  of  iron  offer 
any  special  points  of  interest.  The  furnaces  are  to  be  found  only  at  wide 
intervals,  and  the  amount  of  iron  produced  is  probably  not  more  than 
sufficient,  if  even  it  is  that,  to  supply  the  local  consumption. 

In  Palamow,'  however,  there  is  a  remarkable  abundance  of  ores,  and 
the  other  materials  required  in  the  manufacture  of  iron,  while  its  position 
and  the  early  prospect  of  its  being,  by  means  of  steam-tram  and  canal, 
brought  into  communication  with  the  East  Indian  Railway  place  it  in 
an  altogether  different  category  from  all  other  parts  of  Chutia  Nagpur 
as  a  site  for  an  iron  factory.  Such  being  the  case  it  is  deserving  of 
some  special  and  detailed  description  here. 

Palamow  Sub-division. — ^The  iron  ores  of  Palamow  admit  of 
a  triple  classification,  which  is  based  both  on  their  mode  of  occurrence 
and  their  chemical  composition.     So  arranged  they  stand  as  follows  : — 


f  (a.)  Pure  magnetic  ore  \  This    occnrs  either  in 


Magnetite 


(6.)  More  or    less 
composed 
altered. 


de.) 
and  J 


(      bands    or    veins,    in  |  Crystalline  and 


in\ 
in    ( 


homblendic  rocks,  or  ) 
as  disseminated  crys- 1 
tals  in  granite.  / 


metamorphio 
rocks. 


((a.)  Carbonate  or  black\ 
band  (siderite).       |  (a.)  Bedded  shales.         I 
(6.)  Limonite  or  brown  )  (6.)  Concretionary)  ^'^^"'easures, 
hematite.  (  masses    in    sand- [  ^^^^^  S«>"P- 

I  stones.  I 

{c.)  Bed  htematite.         / 


Ee<l  and    Brown 
Hematite    ... 


/Strong  bands  of  one  or\ 
other  of  these  ores  I 
occur  in  the  laterite  I 
which  caps  the  pla-  i 
teauB  above  3,000 1 
feet  in  elevation. 


\  Laterite. 
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For  some  years  before  1878,'  when  this  aiva  was  specially  examined 
with  reference  to  the  iron  ores,  attention  had  l>een  drawn  to  it  as  offering 
a  suitable  field  for  manufacturing  iron,  and  although  the  data  upon  which 
this  opinion  had  been  founded  were  somewhat  incorrect,  the  result  of  the 
examination  has  been  to  show  that  the  materials  requisite  in  iron  manu- 
facture are  all  to  be  had  in  abundance  within  the  limits  of  the  sub-divi« 
sion.  In  the  earlier  notices  of  th^e  ores  the  accounts  of  the  abundant 
supplies  were  founded  on  a  cx^mbination  of  the  richness  of  certain  mag- 
netic ores  with  the  abundance  of  laterite  ores.  Magnetic  ores  do  occur 
at  more  than  a  dozen  localities,  but  that  they  are  abundant  at  any  uf  these 
may  be  doubtful.  They  occur  sometimes  more  or  less  massive  in  nests  or 
bands  in  hornblendic  rocks,  and  occasionally  in  crystals,  which  are  thinly 
disseminated  through  granite  veins.  The  principal  form  in  which  this 
last  is  used  by  the  native  Agarias  is  when  it  is  obtained  by  sifting  and 
washing  from  the  decomposed  detritus  from  the  granite  veins.  The 
small,  partially  decomposed  crystals  arc  ground  between  stones  to  a  fine 
powder  before  Ixjing  smelted.  In  one  case  an  altered  massive  magnetite 
near  Kurchi  is  used  to  some  extent,  but  the  pure  ore  is  not  known  to  be 
used  in  any  case  by  the  natives,  who  declare  that  it  is  not  suited  for  their 
purposes. 

At  none  of  the  localities  which  have  been  examined  is  there  distinct 
evidence  of  the  existence  of  a  practically  inexhaustible  supply,  nor  does 
the  mode  of  occurrence  in  veins,  with  steep  underlie,  favour  the  view 
that  a  simple  system  of  mining  would  be  applicable.  Limited  suppHes  of 
this  ore  for  special  purposes  could  no  doubt  be  obtained  at  little  cost. 
Laterite  ores  of  excellent  quality,  as  will  be  seen  from  the  analysis  quoted 
below,  and  in  great  abundance,  occur,  and  are  worked  by  the  natives ;  but 
their  situation  at  the  top  of  lofty  plateaus  precludes  the  possibility  of 
their  being  made  available  at  a  reasonable  cost  at  any  accessible  locality. 

As  neither  of  these  sources  of  ore  afford  a  prospect  of  beiug  applicable 
to  the  requirements  of  a  large  factory  in  a  suitable  position,  it  is  fortu- 
nate that  there  is  still  another  source  of  ore  which  affords  more  favour- 
able conditions.  This  ore  is  found  occurring  in  betls  in  the  Barakar  rocks, 
at  the  c.t8teru  end  of  the  Aurunga  Held,  near  Rajbar.  It  occurs  in  a 
welUlefined  zone  of  ferruginous  shales,  about  200  feet  thick,  of  which 
perhaps  10  j>er  cent,  consists  of  what  may  be  called  iron  ore.  A  fair 
sample  of  the  richest  baud  contained  49*2  per  cent,  of  metallic  iron,  and 
as  the  zone  contjiining  it  exteuds  for  2  or  3  miles,  no  doubt  can 
exist  as  to  its  abundance,^  and  since  the  dip  is  only  6"  it  might  be  easily 
worked.  There  is,  however,  a  more  abundant  source  of  ore  in  a  detached 
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area  of  Barakar  rocks  to  the  north  of  Balunagar,!  where  the  iroD-stones 
occur  in  abundance  over  an  area  of  about  4  square  miles.  At  first  sight 
it  might  be  thought  that  these,  or  some  of  them,  were  to  be  identified  with 
the  true  ironstone  group,  but  they  are  overlaid  by  sandstones  of  Barakar 
character.  As  in  the  case  in  the  main  field,  the  good  ore,  visible  in 
the  sections,  is  about  10  per  cent,  of  the  whole  thickness.  The  best  bands 
generallj  have  a  lenticular  shape  and  die  out,  but  are  soon  replaced  by 
others,  so  that  the  average  proportion  is  kept  up.  These  ores  are  largely 
worked  by  the  natives,  and  in  several  places  at  the  outcrops  there  are 
•  shallow  pits,  from  which  they  are  extracted ;  one  sample  of  the  ordinary 
ore  yielded  45*3  per  cent,  of  metallic  iron,  and  one  of  black  band,  39*4 
per  cent.  As  full  details  of  these  ores  are  given  in  the  volume  quoted,  it 
will  be  unnecessary  to  say  more  on  the  subject.  A  truly  remarkable 
supply  of  most  excellent  crystalline  limestone  occurs  in  the  metamorphic 
rocks  close  by.  The  zone  of  often  nearly  vertical  rocks  in  which  it 
occurs  is,  at  the  surface,  upwards  of  a  mile  wide,  and  the  longitudinal 
extension  is  known  to  be  4  miles  long  and  may  be  much  more.  A 
sample  assayed  by  Mr.  Mallet  contained : — 

Carbonate  of  lime 91'9 

„        „    magnesia -2 

Oxide  of  iron  and  alamina ^l 

Insoluble 7*2 

1000 

It  would  therefore  yield  a  very  superior  flux. 

The  question  of  fuel  is  by  no  means  yet  settled.  There  are  in  this 
small  outlier  several  coal  seams,  which,  though  they  do  not  present  a 
promising  appearance  at  the  outcrop,  may  contain  good  fuel,  and  the 
same  remark  applies  to  the  main  Aurunga  field.  If  neither  of  these 
should  prove  to  contain  suitable  fuel,  then  that  of  the  Daltonganj  field 
might  be  used,  but  then  the  cost  of  carriage  has  to  be  considered.  The 
distance  of  the  iron  and  limestone  from  the  Daltonganj  field,  which  by 
means  of  a  steam-tram  and  the  already  existing  canals  will  shortly  be 
put  in  communication  with  the  East  Indian  line,  is  50  miles,  so  that, 
under  existing  circumstances,  it  seems  scarcely  likely  that  it  would  pay 
to  work  these  deposits.  Were  good  coal  even  found  on  the  spot,  the  iron, 
until  better  means  of  communication  were  opened  up,  would  have  to  be 
carted  over  difficult  roads  for  a  distance  of  60  miles. 

The  following  table  gives  the  results  of  the  examination  of  the  iron 
ores  of  Palamow  in  the  field  and  in  the  laboratory. 

»   Mem.,  G.  S.  I.,  Vol.  XV,  p.  79. 
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rChap.  VIII 


It  would  have  been  an  endless  task  to  have  attempted  in  these  pages  to 
have  ^iven  an  account  of  the  local  methods  of  iron  manufacttire  practised 
in  different  parts  of  India.  There  are  variations  in  details  as  reeiiirds 
almost  every  particular  of  the  process.  In  connection  with  the  Plate 
No,  Vj  which  is  taken  from  a  photograph,  the  following  account  is  given 
as  being  t}^ieal  of  the  method  generally,  but  by  no  means  universally , 
practised  in  Western  Bengal,  Orissa,  and  the  adjoining  districts  of  the 
Central  Provinces. 

The  furnaces  of  the  Agarias  are  built  of  mud  and  are  about  3  to  4 
feet  high,  tapering  from  a  diameter  of  about  2^  feet  at  base  to  1  ^  foot  at 
top.  The  hearth  is  a  rounded  cavity,  which  is  about  1 0  inches  in  diameter, 
and  the  circular  shaft  above  it  is  6  inches  in  diameter.  A  bed  of  charcoal 
having  been  rammed  down  into  the  hearth,  ignited  charcoal  is  placed 
above  it,  and  the  shaft  is  filled  with  charcoal.  The  blast  is  produced 
by  a  pair  of  kettledrura-like  bellows,  consisting  of  hollowed  drums 
of  wood,  with  goats'  skins  attached,  and  nozzles  of  bamboo.  The  skins 
are  elevated  by  the  tension  afiforded  by  the  sticks  with  strings  attached, 
which  are  stuck  into  the  ground  as  represented  in  the  plat-e.  By 
throwing  his  weight  alternately  from  one  side  to  the  other  the  operator, 
who  stands  on  the  leather,  overcomes  the  tension,  and  his  heels  act  as 
stoppers  to  the  valves  which  admit  the  air  into  the  bellows. 

In  the  cases  figured  additional  weight  is  given  to  the  bellows  by  the 
operators*  wives  standing  behind  them.  The  bamboos  which  convey  the 
blast  are  luted  into  clay  tuyeres,  which  are  themselves  luted  into  the 
front  of  the  furnace.  The  blast  is,  when  once  started,  kept  up  for  six 
hours,  the  people  engaged  changing  places  from  time  to  time.  Powdered 
ore  is  sprinkled  in  alternate  layers  with  charcoal  on  the  top  of  the  char- 
coal in  the  shaft,  as  soon  as  it  is  fairly  ignited,  and  as  slag  is  formed  it  is 
tapped  by  a  hole,  which  is  every  time  pierced  for  the  purpose  in  the  side 
of  the  hearth,  at  different  levels  as  the  smelting  proceeds,  and  is  again 
closed  with  lumps  of  well-kneaded  clay.  For  ten  minutes  before  the 
conclusion  of  the  process  the  supply  of  ore  and  fuel  from  the  top  is 
stopped,  and  the  bellows  are  worked  with  extra  vigour.  The  clay  luting 
of  the  hearth  is  then  broken  down,  and  a  ffirij  or  ball  of  semi-moiteu 
iron,  including  slag  and  half>burnt  charcoal,  is  taken  out  and  imme- 
diately hammered,  by  which  a  considerable  proportion  of  the  included 
slag,  which  is  still  in  a  state  of  fusion,  is  squeezed  out,  and  the  ball  is 
thou  half -cut  in  two  to  show  the  quality  of  the  iron.  In  some  crises 
by  several  re-heatings  in  open  furnaces  and  by  hammering,  the  Agnrina 
refine  this  into  iron  fit  for  market,  but  in  others  they  dispose  of  the 
yiW  to  the  loh(^rs  who  work  it  up  into   bars.     Although  the  ti*ude  in 
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iron  is  a  profitable  one  to  the  merchants,  nothing^  can  exceed  the  miserable 
state  of  indigence  of  the  Agarias,  who,  in  spite  of  their  working  hours 
being  sometimes  from  12  to  15  hours  long,  when  they  make  two  ^irU, 
earn  barely  sufficient  to  keep  them  alive.  Four  annas  is  a  common  price 
paid  for  one  of  these  giria,  which  represents  the  outcome,  not  only  of  the 
labour  of  several  persons  for  six  hours  at  the  furnace,  but  also  the  labour 
of  collecting  ore  and  fuel,  &c.  In  many  cases,  too,  they  have  to  pay 
royalty  out  of  this  miserable  wage. 

In  the  volume,  quoted  above,  statistics  are  given  as  to  prices  of  the 
finished  iron,  but  there  is  always  great  difficulty  owing  to  varying  weights, 
the  advance  system,  &c.,  in  obtaining  these  with  accuracy.  It  is  stated  that 
as  much  as  Ks.  9  a  maund  has  been  paid  for  the  finished  iron  at  Dehri. 

Tributary  States. — In  the  Tributary  States  of  Chutia  Nagpur  the 
manufacture  of  iron  is  carried  on  by  scattered  colonies  of  Agarias,  butj 
BO  far  as  is  known,  there  are  no  features  in  the  industry  which  call  for 
special  notice,  save  that,  according  to  the  Statistical  Account  of  Bengal, 
the  iron  of  Jashpur  is  highly  prized  for  the  manufacture  of  weayjons  and 
tools,  and  that  it  is  exported  to  some  extent  for  this  purpose.  The  ore  is 
powibly  chiefly  derived  from  the  laterite,  which  is  particularly  abundant 
in  Jashpur.  The  production  of  iron  in  the  Gangpur  State  is  intimately 
connected  with  that  in  the  Sambalpur  district,  and  may  therefore  be 
most  conveniently  mentioned  with  it. 

Central  Provinces  :  Sambalptir  District. — The  iron  ores  of  Sam- 
balpur, and  the  furnaces  used  in  their  reduction,  have  been  the  subject  of 
Beveral  jvapers  published  during  the  past  fifty  years.*  In  a  communica- 
tion received  from  Mr.  Babington  by  the  Asiatic  Society  in  1843*  the 
mines  at  Kuddcrbuga,  north-east  of  Sambulpur,  are  described.  It  is 
stated  that  the  annual  outturn  amounted  to  one  thousand  Calcutta 
maunds  per  annum.  The  better  qualities  of  iron  were  sold  at  the 
rate  of  Re.  1-2  per  bazaar  maund  (=60  lbs?).  The  custom  of  sacri- 
ficing a  goat  to  Gauttailee,  the  goddess  of  the  mines,  on  the  occa- 
sion of  the  erection  of  a  new  furnace,  is  mentioned  and  is  of  interest 
in  connection  with  what  has  been  said  on  the  same  subject  in  reference  to 
diamond  mining  (see  page  50).  Dr.  J.  Shortt,  in  1855,^  described  the  pro- 
cess of  manufacture  and  mentions  that  there  was  a  considerable  and  pi-o- 
fitable  tnide  between  Sambalpur  and  Cuttack.  In  the  Central  Provinces 
Gazetteer*  it  is  stated  that,  notwithstanding  the  abundance  of  iron  ores 
throughout  Sambalpur,  llehrakol  is  Uie  only  part  of  it  in  which  smelting 

'  OtcitniDga  in  Scieucp,  Vol.  Ill,  18S0,  p.  330,  Ac. 

»  Joar.  An.  Soc.  Bengal,  Vol.  XII,  p.  164. 

»  Selections  from  Recorde,  Heogal  Ooverutnent,  No.  XXIII,  p,  184. 
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iH  carried  out  to  any  extent.  But  this  is  not  quite  correct,  as  will  Ix- 
seen  from  the  account  given  below.  The  chief  of  the  smelters  in  Rehrakol 
is  a  Clmwan  Rajput  by  caste.  There  are  about  ten  villages  devoted  to 
the  manufacture ;  as  usual  the  Lobars  are  badly  off  and  much  indebted  U* 
the  traders,  who  despatch  the  metal  to  Cuttack,  where  its  sale  is  highly 
profitable.    The  Raja  is  said  to  derive  but  little  income  from  this  source. 

The  ore  used  at  Kudderbuga,  which  was  alluded  to  aljove,  is  derived 
from  bands  of  decomposed  magnetite  in  the  metamorphic  rocks  and 
the  detritus  from  them.  *  In  the  sedimentary  rocks  of  the  Raigarh  and 
Hingir  coal-field  there  are  several  sources  of  iron  ore  belonging  to  dif- 
ferent horizons ;  of  these  two,  or  perhaps  three,  are  included  in  the  Barakar 
group.  The  most  abundant  source  of  ore  is  apparently  at  Kodaloi  and 
other  points  on  the  same  horizon.  The  following  remarks  on  the  sul«ject 
refer  to  the  condition  of  the  industry  in  the  northern  part  of  Sambalpur 
as  it  appeared  in  the  year  1875.^ 

In  the  upper  (Ilingir)  sandst«)ne  series  ironstones  occur,  but  are  seldom 
used  by  the  native  Lobars  or  Agarias.  In  several  instances  it  was  found 
that  Lobars  of  villages,  which,  owing  to  wood  being  abuudant,  were  situ- 
ated within  the  upper  sandstone  area,  procured  their  ore  from  the  Barakar 
rocks,  some  miles  distant.  Except  towai-ds  the  frontiers  of  the  Hingir 
highlands,  there  are  few  Lobars'  villages  in  that  zemiudari,  but  in 
no  part  of  the  country  visited  are  they  so  abundant  as  in  Rampur. 
At  many  of  the  large  villages  there  are  furnaces,  but  the  greater  number 
are  worked  by  colonies  of  Lobars,  who  form  temporary  villages  whero 
timber  is  abundant,  passing  to  new  localities  when  they  have  exhausted 
the  supply  in  their  vicinity.  Although  €dl  [Shorea  rohuita)  is  the  wood 
most  commonly  used  for  making  charcoal,  the  bijasal  {Dij)terocarpn.t 
marmpium)  seemed  to  be  preferred  by  some.  Bamboo,  though  abundant 
is  never  used.  The  wood  is  cut  into  logs,  about  S\  feet  long,  or  rather 
more,  and  is  burnt  in  holes  dug  in  the  ground,  which  are  about  4  feet 
Bquare  and  18  inches  deep.  Small  branches  arc  not  used,  only  the  very 
best  of  the  timber.  The  furnaces  are  somewhat  smaller  than  those  used 
in  Palaraow ;  they  are  furnished  with  a  tray  above,  in  which  a  quantity 
of  prepared  ore  and  charcoal  is  kept,  which  can  be  raked  into  the  top  of 
the  furnace  by  the  person  working  the  bellows  without  further  assist- 
ance. Differing  from  the  jiractice  in  Hazaribagh,  the  same  individuals 
make  the  ^«ri  (bloom),  and  also  work  it  up  into  saleable  refined  iron. 
The  fftm  are  much  smaller  than  those  in  Hazaribagh,  i-anging  in  weigh r 
perhaps  from  6  to  10  seers.     So  far  as  could  be  made  out,  the  mahajaus  gel 


'  I^Tont*.  0.  S.  I..  Vol.  X,  p.  182. 
'  Op.cU.,  Vol.  VIII,  ,..  lao. 
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from  15  to  20  seere  of  iron  for  a  rupee  from  the  Loliars,  but  owing  to  the 
advance  system,  &e.,  this  could  nut  be  aceuratcly  ascertained," 

Besides  what  haa  been  said  about  Ilehrakol,  there  is  nothing  remarkable 
or  worthy  of  special  note,  so  far  as  is  known,  in  the  production  of  iron 
in  the  Native  States  of  Cbatisgarh.  According  to  the  census  returns 
of  1872^  there  were  then  in  the  Sambalpur  district  and  its  seven 
Feudatory  States  altogether  3,033  persons  engaged  in  the  manufacture 
and  in  the  working  up  of  iron  into  rough  tools  and  weapons. 

Bilaspur  District — The  only  available  information  on  the  production 
of  iron  in  this  district  is  contained  in  the  Central  Provinces  Gaaietteer. 
The  sources  from  whence  the  ores  are  obtained  arc  probably  similar  to 
those  in  Sambulpur,  as  rocks  of  the  same  age  occur  there. 

There  are  said  to  be  only  forty  furnaces  in  Bilaspur,  with  a  total 
estimated  outturn  of  4UU  maunds,  but  as  the  total  consumption  is  three 
times  that  amount,  the  delicieucy  has  to  be  made  up  by  imports  from 
Mandia  and  Sambalpur.  The  retail  selling  price  is  said  to  be  Rs.  IS  per 
maund,  or  say  Es.  273  per  ton.  Ore  is  abimdunt,  but  the  limited  num- 
ber of  Agarias  prevents  an  increase  in  the  local  production. 

Raipur  District. — Little  or  nothing  is  recorded  as  to  the  iron  ores  of 
this  district.  Throughout  the  central  parts,  even  were  ore  abundant,  fuel 
is  so  scarce  that  it  would  be  impossible  to  work  it. 

Mandia  District. — Captain  Pearson  >  speaks  of  iron  ore  as  Wing 
abundant  in  this  district.  It  is  worked  by  Agarias  who  occupy 
numerous  villages  at  the  foot  of  the  Amarkantak  plateau,  and  in  the 
south-east  corner  near  Umerwani,  near  the  sources  of  the  Seoni  and 
Bormeyer  rivers.  According  to  the  Central  Provinces  Gazetteer,  the 
ore  is  laterite,  and  the  best  metal  comes  from  mines  near  Ramgarh.  There 
are  also  good  mines  in  Mowai,  the  ore  from  which  is  used  in  the  manu- 
facture of  iron  for  local  purposes.  As  above  stated,  Mandia  exports  iron 
to  the  adjoining  districts  of  Bilaspur. 

Bhandara  District.— The  geological  relations  of  tlie  iron  ores  of  tliia 
district  are  not  known,  but  it  is  possible  that  Uterite  affords  the  supply, 
Tlie  principal  mines  are  stated  iA>  be  in  the  Chandpur,  Tirora,  and  Pratap- 
garh  parganas ;  they  are  mere  pits  1 0  or  1*2  feet  deep.  The  people  engaged 
in  the  work  are  Gonds,  Goaras,  Pardhans,  and  Dhimars.  The  amount 
manufactured  is  more  than  suflBcient  for  local  wants,  so  that  iron  is  a 
regular  article  of  export.  The  mines  at  Agri  and  Ambaghari,  in  Chandpur, 
yield  an  ore  from  which  a  very  tough  but  malleable  metal  is  produced.* 

Balaghat  District. — Ores  of  iron  also  occur  in  this  district  and  are 
smelted  by  the  Gonds.     The  metal  is  sold  in  rough  scmtcirculai  masses 

>  Ropotl  on  %h«  MundU  DiBtriot,  1860,  p,  21. 
*  Central  rroviiiecs  QiixetUMr,  p.  69. 
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called  ckulas,  which  average  10  lbs  in  weight,  at  the  rate  of  two  to  four 
a  rupee. 

Jabalpur  District — According  to  the  Central  Provinces  Gazetteer, 
iron  is  found  in  more  than  a  hundred  places  in  this  district,  of  which 
the  principal  are  Simra,  Oogri,  Bolia,  Agaria,  Dalrora,  Jauti,  Panagarh, 
and  Lameta.  The  ores  are  stated  to  be  as  follows  :—(l.)  detrital 
(?  laterite  ore) ;  (2.)  from  Gondwana  sandstones ;  (3.)  ores  from  sub- 
metamorphic  (or  Bijawar)  rocks ;  {4.)  ores  accumulated  along  fault  lines. 

To  the  last  belong  the  hsematite  ores  worked  in  the  mines  at 
Dubwara,  Agaria,  and  Jauti.  They  are  by  far  the  most  productive. 
No.  3  ores  are  next  in  importance ;  they  are  mined  at  Lameta,  Panagarh, 
&c.  Among  the  more  important  iron  mines  in  the  Jabalpur  district  are 
those  of  the  Kumbhi  pargana,  about  9>0  or  30  miles  to  the  north-east  of 
Jabalpur.  The  ore  occurs,  it  is  said,  in  the  form  of  black  iron  sand, 
and  is  known  by  the  name  of  diao  ;  it  is  manufactured  into  various  uten- 
sils at  Panagarh. 

Mr.  Hacket,  as  quoted  by  Dr.  Oldham,^  states  that  the  iron  ores  of 
Jabalpur  occur  altogether  in  the  Lora  group  of  the  Bijawar  series,  ex- 
cepting those  obtained  from  the  laterite  of  Bijaragugarh.  The  most 
important  mines  are  at  Jauti  or  Jauli,  others  at  Gogri,  &c.  ,*  from  Jauli 
alone,  50  loaded  buffaloes,  each  carrying  3  maunds  of  the  ore,  used  to  be 
despatched  daily.  The  ore,  which  is  a  micaceous  iron  with  massive 
hfflmatite,  yielded  on  assay  68*5  per  cent,  of  iron.  Mr.  W.  G.  Olpherts, 
C.E.,  has  taken  a  lease  of  these  mines  from  Government,  and  the  mineral 
paint,  of  various  colours,  which  is  now  well  known  in  India,  is  prepared 
by  grinding  this  ore  to  an  impalpable  powder  between  stones  worked  by 
water-power. 

The  following,  giving  the  co^t  of  production  of  one  maund  of  bar 
iron  by  the  native  process,  is  from  information  kindly  supplied  by  Mr. 

Olpherts : — 

B«.   A.  p.  Rs.    A.  p. 

6  maunds  iron  ore 0    4    0 

6      „        charcoal 2    0    0 

2  coolies 0  10    0 

2  14    0 

This  yields  3  maunds  kachcha  iron,  the  refining  of 
which  costs — 

4  maunds  of  bamboo  charcoal .        .        .200 

10  coolies 14    0 

3    4    0 

Total  cost  of  one  maund  of  iron       .  .620 

>  Records,  G.  S.  I.,  Vol.  V,  p.  9. 
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As  the  selling  value  of  this  is  Rs.  8,  a  fair  margin  is  left  for  cou- 
tingencies  and  profit.  Recently  Mr.  Olpherts  has  been  making  cxporU 
ments  with  a  view  to  the  production  of  charcoal-iron  by  the  application 
of  European  methods. 

At  Palle  (Pullee)  the  excavations  for  ore  were,  in  1872,  100  yards 
long  by  30  yards  wide  by  50  deep.  The  mines  at  Mungela  and  at 
Agaria  in  the  Majgoan  hilla,  and  also  in  the  hills  west  of  the  marble 
rocks,  are  all  situated  on  the  same  geological  horizon,  and  the  deposit  of 
ore  appears  to  be  oonstant  and  to  offer  an  unlimited  supply  of  the  best 
quality, 

Narsinghpur  District :  Tendukhbua  or  Omarpanl — The  ores  at 
Omarpani  have  long  attracted  notice  owing  to  the  excellent  quality  of 
the  iron  produced  from  them  at  Tendukhcra.  They  occur  in  association 
with  much  disturbed  limestones  and  quartzites  of  Bijawar  age,  but  the 
precise  mode  of  ocxjurrence  is  somewhat  obscure.  There  appeara  to 
have  been  some  faulting  of  an  int^rstratified  bed  of  ore,  and  besides  this 
fissures  and  cracks  appear  to  have  become  Blled  with  the  ores  which 
consist  of  very  hard  earthy  brown  and  red  htematites  with  occasional 
masses  of  specular  iron.  The  mines  consist  of  irregularly  distributed 
pits  and  Imrrows,  which  follow  the  courses  of  the  ore  to  depths  of  fiom 
40  ^to  50  feet  till  work  ia  stopped  by  the  influx  of  water.  The  ore  is 
carried  to  Tendukhcra,  2  miles  distuut,  where  it  still  continues  to  t>e 
smelted,  although  the  charcoal  has  to  be  brought  from  very  long  dig. 
tances. 

Mr.  J.  G.  Mcdlicott_  attributed  the  good  quality  of  the  metai  which 
was  produced  here  to  the  fact  of  the  ore  being  slightly  calcareous,  which 
produces  the  same  effect  as  would  a  purjwsely  added  flux.  The  metal 
commanded  a  higher  price  than  any  manufactured  in  any  other  part  of 
the  Narbada  valley.  The  ores  being  generally  similar  io  character,  and 
the  system  of  worldng  them  not  varying  in  any  important  respect,  tliere 
Can  be  little  doubt  that  this  is  the  true  explanation. 

As  to  the  abundance  of  this  ore  there  seems  to  be  little  reason  for 
doubt  that  it  is  considerable,  but  to  work  it  on  tlie  large  scale  a  regular 
system  of  mining  would  have  to  be  adopted,  as  it  is  less  readily  accessible 
than  are  most  Indian  iron  ores.  These  mines  were  leased,  together  with 
the  coal  mines  at  Mopani,  to  the  Narbada  Coal  and  Iron  Qjmpany,  but 
they  have  never  manufactured  any  iron,  although  they  originally 
intended  to  do  so.  And  indeed  it  was  one  condition  of  theii-  mining 
lease  that  they  should  do  so  by  a  definite  time,  i.  e.,  5,000  tons  of 


*  Selections  rroiu  Records^  Gorvrnment  of  Iiidiii,  Vol  X.  p,  25. 
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marketable  iron  were  to  have  been  produced  within  five  years  of  the 
opening  of  the  railway  to  Jabalpur ;  this  period  lapsed  in  August  187li. 

When  visited  by  Mr.  Black  well  in  1857,  there  were  about  70  to  80 
furnaces  in  Tendnkhera  The  charcoal  was  made  in  the  jungle,  from 
4  to  10  miles  to  the  north,  and  was  brought  to  the  town  in  baskets  borne 
on  the  backs  of  bufPaioee,  costing -on  delivery  8  shillings  per  ton.  The 
same  authority  states  that  there  were  two  kinds  of  iron  which  were  made  in 
different  furnaces,  the  terms  kaahcha  Vixa^  pakka  having  a  special  and  local 
signification,  and  not  referring,  as  they  do  elsewhere,  to  different  stages 
of  preparation  of  the  same  metal.  The  kachcha  iron  was  said  to  be 
turned  out  in  blooms  of  marketable  iron,  the  furnaces  more  nearly  resem- 
bling the  Catalan  than  any  other  he  had  seen  in  India.  The  pakka  iron 
was  made  in  a  furnace  of  a  different  foim,  from  which  it  came  in  the  con- 
dition of  crude  steel  and  by  hammering  was  brought  to  the  condition  of 
tough  iron ;  the  crude  steel  was  used  for  making  edge-tools.  There  is 
probably  a  mistake  iu  this  account,  as  at  present  the  iron  is  sold  either  in 
the  form  of  roughly  hammered  blooms,  or  it  is  worked  up  after  several 
heatings,  in  an  open  furnace,  into  refined  iron. 

The  prices,  according  to  Mr.  Blackwell,  were  in  1867  :  kachrha  iron, 
Bfi.  34  to  4  per  gond  of  three  local  maunds,  or  £3-3  to  £3-12  per  ton ; 
pakka  iron,  Bfi.  6  to  Rs.  6  ix?r  gond  of  three  maunds,  or  £4-10  to  £5-8 
per  ton.  In  1873,  the  price  of  the  latter  was  about  £6  per  ton.  The 
outtui-n  in  1867  was  about  ^W  tons  per  annum. 

The  following  were  the  proportions  of  ore  and  fuel  which  were  used 
respectively  : — 


iron  On*. 

CbvcMd. 

Toae.  Cwt.«Jr«. 

ToDi.  Giri  Qt*. 

3     9     0 

3   15     0 

5     3    2 

5  12    2 

Kachcha  iron 
Pakka 

One  of  the  best  account  of  these  mines  and  furnaces  is  by  Captain 
Franklin ;  it  was  written  in  1827,  but  does  not  appear  to  have  been  printed. 
Captain  Franklin  was  sjiecially  engaged  at  the  time  as  Surveyor  of  iron 
mines  in  Sagar  and  Bundelkhand.  His  account  of  the  method  of  making 
i;teel  as  witnessed  by  him  was  as  follows :  Three  seers  weight  was  cat 
from  an  ordinar}'  bloom,  from  which  some  iron  had  alrcxidy  been  prepared^ 
It  was  first  exposed  to  the  heat  of  a  common  forge,  just  short  of  fusion ; 
it  was  then  hammered  slightly,  the  process*  lM?ing  repeated  eight  times; 
after  the  third  time  the  red-hot  muss  was  always  rolled  iu  the  ashes  of 
burnt  cowdung  previous  to  hammering;  after  the  eighth  hammering  it 
was  boated  red-hot  and  plunged  into  water ;  it  then  weighed  1  seer  and  9 
chittacks,  and  was  au  exoollent  steel. 


Oiiomic  Gcoiogy 


CHAN  DA  DISTRICT 


.187 


According  to  the  natives,  the  best  charcoal  fop  emelting  was  that 
made  from  the  mhowa  troc  [Baisia  laU/olia)^  and  for  refining  that  of  either 
bamboo  or  teak  ;  but  the  best  for  steel  was  prepared  from  resinous  wood, 
such  as  that  of  the  Dhow  {ConocarpM  lati/olia)  or  the  Kair  (Acacia 
catechu) . 

Captain  Franklin  made  suggestions  with  reference  to  the  introduc- 
tion of  simple  machinery  in  order  to  produce  iron  suitable  for  such  work 
us  making  8usi>cnsion  bridges,  &c.  In  the  year  16'iO  Colonel  Presgravc 
opened  a  suspension  bridge  over  the  Bias  river  in  Sagar,  the  iron  for 
which  had  been  all  smelted  at  Tendukhera. 

Iron  ores  occur  also  in  the  Sagar,  Damohj  and  Hoshangabnd  diiii- 
tricts,  but  they  are  perhaps  not  of  sufficient  importance  for  special 
notice  here,  though  there  are  materials  available  for  the  pur|)08e.  In 
the  first-mentioned  district  a  very  pure  and  massive  red  hsematite  occurs 
in  nests  in  rocks  of  the  Bijawar  formation,  and  brown  hsematite  in  bands 
is  found  in  the  metamorphic  rocks. 

CHianda  District. — In  the  year  1855  Messrs.  Hislop'  and  Hunter 
drew  attention  to  the  extraortlinary  richness  and  abundance  of  the  iron 
ores  in  this  district.  Near  Dewalgaon  there  is  a  hill  named  Khandeshwar, 
which  is  250  feet  high,  and  the  whole  mass  is  laden  with  ore.  With  the 
abundance  of  fuel  available  it  was  considered  that  this  hill  alone  might 
furnish  the  whole  of  India  with  iron.  Among  other  localities,  at 
Lohara,  Ogulpet,  Mctapur,  Bhanapur,  Menda  and  Gunjwahi,  most  of 
the  ore  was  ha^raatito,  but  magnetic  ores  were  also  foimd.  Rich  lateritio 
ores  were  to  be  found  and  were  then  largely  used  in  the  native 
furnaces.  Such  was  the  information  regarding  this  district  up  to  the 
time  when  the  geological  examination  was  commenced  by  the  Geological 
Snrvey,  since  which  time  the  subject  has  l>ecn  dealt  with  in  a  practical 
manner,  and  has  given  rise  to  a  considerable  amount  of  literature.  As  a 
summary  of  what  had  been  done  up  to  1877,  Mr.  Hughes'  memoir  on  tlie 
"Wardha  valley  coal-lield  affords  all  the  information  necessary  for  i-epro- 
ductiou  here,  but  for  fuller  details  reference  should  be  made  to  the  papers 
noted  below': — 

"  (1)  The  Chanda  district  surpasses  all  others  in  the  WarJha  valley 

for  richness  of  iron  ore  ; 
"(2)  The  mostnottnl  localities  are  Dewalgaon,  Gunjwahi,  Lohara, 

Pipalgaon  and  Ratnapur ; 

«  Quar.  Jour.  Oeol.  Surv.,  Vol.  XT,  pt  II,  p.  3i5. 

'  C<n>tnU  Proviuccs  Adraiiii»t.r«linn  Report,  1861  to  1879.  Supplement  to  G«ztiU  of 
tndia,  1871,  p  Ull  Op.  cit.,  1874,  pp.  1454.  and  1847  Op.  ciL.  1875,  p.  388.  Mem  . 
O.  S,  I.,  Vul.  XIII,  pp.  109  nud  145. 
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"  (3)  The  most  accessible  to  Warora  are  Ratnapur,  Pipalgaon  and 

Loharaj  and  among  these  Pipalgaon ; 
"(4)  The  varieties  of  ore  are,  at  Pipalgaon,  compact  crystalline 

haematite  with  some  magnetic  oxide ;  at  Lohara,  the  same ; 

at  Batnapur,  brown  iron  ore ; 
"  (5)  The  great  value  of  these  main  deposits  lies  in  the  almost 

total  freedom  of  the  ores  from  phosphorus ; 
"  (6)  The  largest  deposit  is  that  of  Lohara,  but  there  is  also  an 

enormous  amount  of  iron  ore  at  Pipalgaon/' 

In  a  previous  paper  Mr.  Hughes  described  the  Lohara  hill  as  con- 
sisting of  compact  crystalline  hiematite  with  some  magnetic  oxide.  It  is 
•fully  three-eighths  of  a  mile  in  lengpth,  200  yards  in  breadth  and  100  to 
120  feet  in  height,  and  it  is  believed  tp  be  traceable  beyond  the  hill 
portion  for  a  considerable  distance. 

At  Pipalgaon,  lat.  20**  23'  N. ;  long.  79**  84'  E.,  an  excessively  fine 
mass  of  red  haematite,  resembling  that  at  Lohara,  is  seen  three-fourths  of 
a  tnile  east  of  the  village.  The  strike  of  the  lode  is  west-north-west 
to  east-south-east. 

At  Ratnapur,  lat  20°  28'  N. ;  long.  79**  37'  E.,  there  is  a  rich  lode  of 
brown  iron  ore  which  forms  a  terrace  on  the  north  side  of  the  small 
range  of  hills  facing  Alisur.    This  lode  is  in  places  40  to  50  feet  wide. 

The  following  analyses  illustrate  the  composition  of  these  ores : — 


LoHABA  {Mr.  David  Forbes). 


1 


Iron,  metallic 69'208 

Oxygen  in  combination 29*376 

Manganese  sesquiozide '090 

Sihca -823 

Alumina -432 

Lime '054 

Magnesia tr. 

Sulphur -012 

Phosphorua '006 


100-000 


An  assay  of  the  same  ore  by  Mr.  Tween  gave  70*00  per  cent,  of 
metallic  iron. 

•  ride  Colliery  Guardian,  13th  September  1873. 
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FiPALOAON  (Mr.  Ness.) 

Protoxide  of  iron  ^"^  J  Metellic  7105 

Peroxide  of  iron  SI'S  J 

Lime  '6 

Magnesia tr. 

Phosphorus $, 

Sulphar »• 

Silica 4-6 

Water,  traces  and  loss 5 


100- 


Raima  PUR. 

Analysis  hjf  Mr.  Ness — 

Metallic  iron 497 

Insoluble 260 

Analysis  by  Mr.  Tween^ 

(a.)  Metallic  iron 60-5 

Insoluble 22-8 

(5.)  Metallic  iron 620 

Analysis  oflaierite  near  Ratnapur--' 

,   Metallic  iron 25*7 

The  great  obstacle  to  the  manufacture  of  iron  here  is  the  quality  of 
the  fuel ;  vide  pap^  93.  Limestones  of  g^od  quality  and  well  suited  for  flux 
abound  in  the  Wardha  valley.  The  following  assays  are  given  by  Mr. 
Hughes  to  illustrate  the  character  of  the  stone  from  the  two  principal 
sources,  and  kankar,  containing  a  high  percentage  of  carbonate  of  lime,  is 
also  obtainable : — 

Vindhyan  I.ani«ta 

lluestone.  llomtou*. 

Carbonates  of  lime  and  magnesia  .        .        .     96*8  .        .    94*5 

Oxides  of  iron  and  alumina  .        .        .1*2  .        .3*0 

Phosphoric  acid tr.  .        .      tr. 

Insoluble 2-0  ..      2-5 


100-0  100-0 


The  following  account  by  Mr.  Hughes  of  the  experimental  iron  manu- 
facture at  Warora  is  quoted  verbatim  from  his  memoir.  The  comments 
of  practical  iron-masters  on  the  results  described  by  Mr.  Ness  arc  of 
special  value  and  importance  : — 
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"  Tlic  opening  experimental  trial  by  Mr.  Ness,  to  determine  the  adaptor 
bility  of  the  coal  and  iron  ore  of  the  Chanda  district  to  the  manufacture 
of  iron  on  a  commercial  scale  of  some  magnitude,  was  made  '  from  the 
26th  to  the  28th  August  1875.  On  the  latter  date,  from  the  giving 
way  of  one  of  the  tuyeres,  and  allowing  water  to  get  into  the  hearth,  it 
got  so  cold  that  the  furnace  had  to  be  let  out,  at  which  time  about  2  cwt«. 
of  iron  had  been  reduced,  and  was  afterwards  taken  ont  of  the  hearth  in 
one  solid  piece.  The  second  trial  with  this  furnace  was  commenced 
on  the  21st  and  was  closed  on  the  25th  September  1875.'" 

The  experiments  were  conducted  in  the  same  manner  in  both  cases, 
and  were  as  follows'  : — 

*'  The  furnace,  after  being  thoronglily  dried,  was  filled  for  about  three- 
fourths  of  its  capacity  with  rough,  dry  timber,  and  then  tired.  On  the 
top  of  this  a  few  feet  of  charcoal  were  placed,  and  then  regular  charges  of 
iron  ore  and  coal,  &c,,  were  made,  consisting  of  1  cwt.  coal  to  \  cwt.  of 
Lohara  iron  ore,  \  cwt.  Ratnapur  iron  ore,  20  lbs.  limestone,  and  an  occa- 
sional blank  charge  of  coal  or  charcoal.  This  course  was  continued  until 
the  furnace  was  full.  In  24  houi-s  after  lighting  the  furnace,  tlie  molten 
slag  began  to  come  down  into  the  hearth,  then  blast  was  let  on  quietly, 
and  three  hours  thereafter  the  slag  made  its  appearance  at  the  cinder  notch. 
The  pressure  was  increased  to  about  1^  lbs.  per  square  inch  on  the  second 
day.  During  this  time  the  slag  formed,  and  eame  off  in  larger  quantities, 
and  the  hearth  quickly  filled  with  spongy  iron  which  would  not  liquify. 
To  overcome  this  hinderance,  the  blast  was  iutensitled,  and  more  blank 
charges  of  coal  were  added.  'The  temperature  in  the  hearth  increased 
and  the  fire-bricks,  the  tymp  plate,  and  even  the  bottom  of  the  hearth, 
were  fused ;  still  the  iron  that  had  settled  down  was  so  mixed  with  the 
ashes  of  the  coal  that  it  would  not  liquify,  and  only  kept  accumulating 
till  the  iron  reached  the  top  of  the  tuyeres,  and  then  a  stop  was  put  to  all 
further  proceedings  till  the  mass  was  dug  out,  which  was  over  a  ton  in 
weight." 

"  Describing  this  first  assay  at  iron-making  to  the  South  Staffordshire 
Mill  and  Forge  Managers'  Association,  in  a  letter,  dated  Warora,  5th 
November  1875,'*^  Mr.  Ness  gives  the  analyses  of  the  iron  ores  and 
coal,  and  then  says — *  You  can  easily  calculate  from  the  analyses  I 
have  given  that  the  gross  amount  of  foreign  matter  that  would  require 
to  go  into  the  furnace  to  make  a  ton  of  iron  is  not  much  in  excess  of 
many  of  the  mixtures  in  use  at  home.     I  started  the  furnace  in  the 


'  Public  Work*  Dc'iwrtment  ProccwHngi  for  M»j  1876, 
*  Mining  Jourunl,  25tb  D«coiuUer  1875. 
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usual  way,  possibly  giving  it  a  better  chatice  in  having  it  thoroughly 
dry,  and  filling  it  tliree-fourths  full  of  dried  timber  before  lighting  it, 
and  then  filling  regular  charges  of  coal,  limestone,  and  ore  in  the  pro* 
portion  of  2,  J,  and  1,  respectively,  with  J  charcoal  *  ;  blast^  wa» 
let  on  gently  after  the  first  appearance  of  slag  before  the  tuyeres; 
afterwards  it  was  increased  to  a  little  over  3  lbs,  pressure  to  the  square 
inch,  and  to  about  500  cubic  feet  per  minute  in  volume.  At  the  end 
of  the  time  named,  I  found  the  hearth  full  of  spongy  iron,  and  though 
I  raised  the  temperature  by  blank  charges  and  extra  blast  till  I  melted 
even  the  fire-bricks  forming  the  hearth,  yet  the  iron  would  not  liquify. 
On  cooling  down  the  furnace  to  get  the  mass  of  iron  out,  which  was 
over  30  cwt.,  I  found  a  great  portion  of  it  similar  to  what  a  puddled  ball 
would  be  if  it  were  left  without  being  shingled.  A  number  of  pieces 
were  cut  off  and  worked  in  a  smith's  forgo  without  any  great  difficulty. 
In  the  mass  f»f  iron  in  the  hearth  were  embedded  pieces  of  ashes  from 
the  coal  which  had  drop{)ed  down  and  passed  the  tuyeres  without  being 
fused.  At  the  tunnel-heiwl  I  noticed  that  the  coal  rapidly  decrepitated, 
which  is  doubtless  due  to  the  quantity  of  moisture  it  contains.  This 
impoverished  coal  then  descended  to  the  zone  of  fusion  just  above  the 
tayeres,  with  little  or  nothiuj^  left  to  do  the  work  required  of  it/' 

*' The  sectional  diagram,  which  was  communicated  with  the  paper^ 
showed  that  the  furnace  was  24  feet  high  ;  that  the  top  of  the  bosh  was 
6  feet  6  inches  in  diameter ;  that  the  top  of  the  hearth  -vas  2  feet  6  inchea 
diameter,  and  that  the  bottom  of  the  hearth  was  2  feet  diameter.  The 
throat  of  the  furnace  was  3  feet  10  inches  diameter,  and  the  tunuel-head 
6  feet  6  inches;  the  tuyeres  were  24  feet  diameter  in  the  nozzle,  the 
hearth  about  3  feet  6  inches  deep.  The  blowing  engine  is  a  small  hori- 
£ODtal  one,  with  a  receiver  intermediate  between  the  engine  and  the  hot- 
air  Btove,  which  has  four  pipes.  The  air  is  heated  with  an  ordinary 
grate  and  stove. 

"  In  the  discussion  that  took  place  after  the  reading  of  Mr.  Nes** 
letter,  one  speaker  showed  how  coal,  not  greatly  inferior  to  that  with 
which  Mr.  Ness  had  to  deal,  had  l>een  made  available  for  blast  furnace  pur- 
poses, by  holes  being  made  in  the  furnace  above  the  tuyeres  and  against 
the  boah,  and  the  accumulated  ashes  and  cinders  raked  out  (two  or  three 
cart-loads  at  a  time,  three  or  four  times  a  week).  In  this  way  the 
manager  kept  his   furnace  from   '  gobbing.'     The  quality  of  the   iron 

>  WUilat  workiug,  hlHuk  charge  of  coaA  in  every  10  to  16  chnrges  whs  «idded. 

'  Temperature  of  Must  150^  Fahr.  The  heating  RppnrNlui  wns  mniuly  to  dry  the  air, 
ac  when  the  expcriuicutii  wurv  luudc  the  air  was  saturated  with  motature,  the  monsoou  not 
be-tug  over. 
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snjf&red  by  the  coul,  and  the  yieW  was  leeB.  The  coal  of  which  ho  had 
heen  s|>eakiiig-  was  that  known  as  the  *  mealy  grey/ or  the  hottom  coal  seam 
of  Staffordshire.  With  the  Indian  coal  it  was  thought  to  be  impossible  to 
smelt  the  rich  Indian  ore  in  other  than  small  quantities  without  an  abun- 
dance of  fluxing  materials.  A  due  admixture  of  the  strongly  sUicioua  with 
the  rich  metallic  ores  of  India  would,  it  was  afisamed,  contribute  to  thia 
end.  Even  the  majority  of  the  coals  of  Staffordshire  were  too  %veak  t^ 
carry  a  heavy  burthen  of  iron  stone,  and  some  of  the  members  believed 
that  Mr.  Ness  would  best  succeed  by  beginning  his  experiments  with 
smaller  furnaces. 

"  Other  members,  however,  thought  that  the  height  of  the  furnace 
might  be  increased  with  advantage.  It  was  also  pointed  out  that 
though  Mr.  Ness  had  spoken  of  having  well-aired  his  furnace,  and 
of  putting  in  blank  charges,  yet  that  it  been  found  well,  in  Staffordshire, 
to  consume  a  whole  mouth  in  such  work  before  a  new  furnace  wa» 
charged  with  it«  full  burden.^'     [Mining  Journal^  5th  February  1876.) 

"  The  chief  cause  of  failure  in  the  attempt  to  produce  iron  by  tho 
blast  furnace  system  is  attiibuted  by  Mr.  Ness  to  the  unsuitableness 
of  the  coal  for  the  purpose.  Mr.  William  Molineux,  the  President  of 
the  Association,  agrees  with  him  that  the  Warora  coal  contains  a  large 
amount  of  inorganic  matter,  and  says  that  to  deal  with  such  coal  con- 
siderable skill  and  experience  is  required.  He  also  thinlcs  that  the  positicvi 
of  the  tuyeres  in  the  furnace  might  be  improved. 

"  It  appears,  from  observations  made  by  Mr.  Ness,  that  the  coal  did 
not  retain  more  than  onc>third  of  the  fixed  cartoon  it  had  when  charged, 
by  the  time  it  reached  the  zone  of  fusion ;  and  this  feature  of  its  be- 
haviour, together  with  its  tendency  to  decrepitate,  and  the  large  amount 
of  ash  that  it  contains,  led  him  to  condemn  its  use  in  a  blast  furuac«\ 
The  coal  is  evidently  unfit  to  reduce  hard  refractory  ores  like  those  of 
Lohai-a  and  Pipalgaon ;  with  the  softer  ores  of  Bengal  and  Dcchauri 
(Kumann)  it  woidd  probably  answer. 

**  After  the  completion  of  his  preliminary  trials  with  the  blast  furnace^ 
Mr.  Ness  put  np  roughly  a  small  reverberatory  furnace,  to  see  the 
action  of  the  coal  when  burned  on  a  separate  grate,  wbc^ther  it  wa» 
capable  of  melting  and  boiling  grey  castirou.  Although  the  trial  fur- 
nace was  of  a  rude  description,  and  without  a  proper  reverliemtory  arch, 
the  time  taken,  and  the  quantity  of  coal  used,  did  not  Appear  to  be 
much  in  excess  of  what  is  commoidy  required  for  such  purposes.  This 
result  convinced  Mr.  Ness  *that,  witli  a  regenerative  famace,  both 
quantity  and  inti'^usity  of  hcnt  can  readily  be  obtained  from  Warora  coal 
for  the  reduction  of  the  iron  ores  by  a  direct  process.' 
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•'  The  last  experiment  liafi  bc?en  to  pulveriHC  the  ore,  rnix  it  with  milk 
of  lime,  make  iuto  balb,  aud  expose  to  the  heat  of  the  rcvcrbcratory 
furnace.  This  plan  answered  very  well."  {Mining  Journai,  S6th  Febru- 
ary 1876.) 

Mirzapiir  District. — So  far  as  is  known,  there  are  no  especially  abun- 
dant Bourcctt  of  iron  ore  in  this  district.  The  principal  ores  are  mag- 
netites, which  are  found  in  bands  in  the  metamorphic  rocks  and  the 
onlinary  concretionary  nodules  and  bands  in  the  sandstones  of  Barakar  ag^e. 
Tlie  former  are  worked  by  the  natives,  according  to  Mr.  Mallet'  at  Korchec 
close  to  the  Panyun  stream  to  the  east  of  the  Gonda  hill.  At  other 
localities  the  deposits  are  of  less  extent ;  magnetic  sand  is  common  in 
many  of  the  streams,  but  is  not  used. 

Rewah- — There  is  little  detailed  information  as  yet  available  regard*- 
ing  the  extent  of  the  iron  deposits  in  liewah.  Here  and  there  there  are 
native  furnaces  scattered  about,  and  it  is  believed  that  the  ore,  which  is 
principally  used,  is  derived  from  the  eoal-mcasure  rocks.  Some  informa- 
tion on  the  iron  industry  in  Singrowli,  in  the  year  1854,  ^vill  be  found  in 
a  paper  by  Mr.  W.  Roljerts,'  but  it  offers  no  information  worthy  of 
special  notice,  save,  perhaps,  the  fact  that  Mr.  Burke,  who  had  charge  of 
the  coal  minis  at  Kota,  succeetled  in  making  iron  from  ore  obtained  at 
Ilindowa,  which  was  superior  to  that  made  by  the  natives,  but  it  did  not 
fetch  a  remunerative  price  in  the  market 

BUDdelkhand. — There  are  two  principal  sources  of  iron  ore  in  Bun- 
delkhand;  these  are  the  lateritc  and  the  rooks  of  the  B ija war  scries ; 
the  latter  is  the  most  important.  The  inferior  lateritic  ore  used 
not  to  be  much  worked  by  the  natives,  except  in  the  hills  to  the 
north  of  Simereah.  It  was  not  considered  by  Mr,  Medlicott^  to  be 
suflSciently  abundant  to  be  worked  on  the  large  scale.  The  Bijawar  ore 
is  similar  to  that  of  the  Narbada  valley,  being  a  sub-crystalline  red 
haematite ;  but  it  has  the  superior  advantage  of  being  more  easily  worked, 
being  associated  with  soft  rock,  and  is  itself  generally  purer. 

Banda  District. — In  this  district  there  are  mines  at  Gobarhai,  Deori, 
and  Khirani.*  Those  at  Gobarhai  are  situated  on  the  top  of  a  hill, 
14  mile  from  the  furnaces.  In  some  parts  of  Bundelkhaud  Mr. 
Medlicott  states  that  the  positions  of  the  furnaces  show  that  they 
have  receded  gradually  from  the  mines  as  the  fuel  has  been  used  up. 


«  Reoordi,  G.  S.  I.,  Vol,  V,  p.  22. 

'  Seltyctiuuit  rrom  U«cor(U,   North-Weat  Proviucos    Ciovu-unicnt,  ucwaerioa,  Vol.    Ill, 
11.140. 

'  Mom..  0.  S.  I.,  Vol.  II.  p.  80. 

*  NortliWcii  Pioviaco*  OuicUcer,  Vol.  I,  p.  W. 
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In  the  rufiuiug  furnaces  at  Oobarhai  charcoal  made  from  the  bamboo  is 
alone  used. 

LaJatpur  District. — At  Salda,  in  the  Maraura  pargann,  a  pure 
hepmatitc  is  found,  and  soft  iron  is  smelted  from  it,  which  is  exported  to 
Saprar,  &c.  There  were,  in  1S74,  53  furnaces  at  work,  for  each  of 
which  an  average  annual  payment  of  Rs.  5  was  made  to  the  Forest 
department  on  account  of  the  timber  used  for  charcoal.  This  iron  is 
sold  at  from  10  to  20  aeers  for  a  rupee.  But  another  kind,  called  kheri, 
18  prepared  at  Fura  and  is  of  a  steel-like  character. 

Central  India  :  Bljawar  State— In  this  State,  as  also  in  Panna 
and  some  others  in  the  Central  Indian  Agency,  iron  ores  are  worked  to  a 
greater  or  less  extent.  Hirapur'  in  Bijawar  was  formerly,  if  it  be  not 
still,  a  principal  centre  of  manufacture.  There  wore  iron  mines  also  in 
several  localities  near  the  Kane  river.  The  most  important  deposits  in 
Central  India,  however,  are  believed  to  be  those  in  Gwalior. 

Gwalior.— The  rocks  of  the  Gwalior  series,  in  the  State  of  the 
same  name,  which  constitutes  the  territory  of  the  Maharaja  Sindia, 
contain  several  remarkably  rich  deposits  of  iron  ore.  These  were  for- 
merly extensively  worked,  but  are  now  more  or  less  deserted  in  conse- 
quence of  the  distances  to  which  the  ore  has  to  l>e  taken  to  the  furnaces 
which  are  situated  near  the  fuel.  The  following  are  the  principal  iron 
mines  mentioned  by  Mr.  Hacket  *  : — 

Par  Hill,  Lat.  26°  2'  30";  Long.  78°  5'.— The  beds  near  the  top 
of  this  hill  consist  of  variegated  clays  in  which  the  iron  ore  occurs  in 
thin  laminse.  The  hill  has  Ijeen  extensively  burrowed  by  the  miners 
and  a  large  proportion  of  it  has,  in  fact,  been  carried  away. 

Manoor. — ^This  locality  is  situated  in  a  narrow  valley,  about  8  miles 
north-north-east  of  the  Par  hill ;  the  ore  is  of  similar  character,  being 
on  the  same  horizon.  The  richest  seams  are  worked  by  shafts  SO  to 
40  feet  deep,  but  there  are  mines  at  other  points  too. 

Saktow,  Lat.  26^  6';  Long.  78°  10'.— The  workings  here  are 
confined  to  a  limited  space.  The  richest  seams  are  reached  by  shafts 
from  60  to  60  feet  deep,  from  which  small  galleries  are  extended. 
These  ores  belong  to  the  same  horizon  ;is  those  at  Par  and  Mangor, 

Thei'e  are  smaller  mines  at  intermediate  localities,  and  the  ores  have 
a  wide  extension.  The  selection  of  the  particular  spots  is  due  to  the 
ore  being  locally  decomposed  at  these  places  and  therefore  more  easily 
worked.  It  is  sold  at  the  pifs  mouth  at  the  rate  of  60  to  70  mauuds 
for  the  rupee. 

*  Joar.  A1.S00.  Ben^l.  Vol.  XIII,  Proc.  VI. 

*  R«cord«,  Q.  8.  U  Vol.  Ill,  p.  iS. 
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The  following  detailed  statement  is  taken  from  a  report  drawn  up  by 
Herr  von  Schwartz  during  the  present  year  : — 


Km*  of  tlMVIIIa«« 
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BjiiijjiKa. 


Contains  partly  manfanaae. 

Tkaw  Iron  otm  oovtur  la  very 
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Conlaina  mangaoeae. 


According  to  this  authority  there  are  but  small  traces  of  sQlphnr  and 
none  of  phosphorus  in  these  ores. 

At  about  50  miles  to  the  north-west  of  Gwalior  there  is  a  forest, 
which,  it  is  estimated,  would,  without  re-planting,  furnish  fuel  sulficient 
for  an  outturn  of  1£  tons  of  bar-iron  a  day  for  a  period  of  900  years. 
On  the  supposition  that  one  wjnare  mile  of  this  forest  would  yield  I5,n00 
tons  of  timber,  the  total  available  amount  is  calculated  to  be  56,000,000 
of  tons;  the  charcoal  is  said  to  weigh  17  pounds  per  cubic  foot,  and  costs 
only  4  annas  a  maundj  while  the  German  and  Styrian  woiks  pay  three 
times  that  amount  for  charcoal  weighing  only  1 2  pounds  per  cubic  foot. 

Fire-clay  suitable  for  making  bricks  for  ordinary  purposes  has  been 
discovered  at  Girway,  near  Tisroan,  85  miles  south-west  of  Gwalior. 
Limestone  is  obtainable  and  the  manganiferous  iron  ore  might  be  em- 
ployed in  the  manufacture  of  mpieffeleUen. 

If  the  above  figures  with  reference  to  charcoal  can  be  dej>ended  upon, 
Gwalior  certainly  seems  to  offer  a  promising  field  for  the  manufacture, 
though  the  distance  which  the  ore  would  have  to  be  carried  is  consider- 
able and  would  bo  prohibitive  if  railway  carriage  were  not  available;  but 
the  experience  of  Indian  forests  generally — and  especially  of  those  in  the 
comparatively  dry  region  in  question — suggests  the  probability  that  the 
above  estimate  as  regards  fuel  is  not  to  be  relied  on. 

Rajputana. — Iron  ores  are  pretty  generally  distributed  throughout 
the  different  States  and  districts  comprised  in  Uajputana.     More  particu- 
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lafly  uote worthy  are  the  deposits  found  in  Alwar,  Jaipur,  Udepur,  and 
AJTiiir;  there  are  also  mines  in  Bhartpur,  Bundi,  Jodbpur,  Kota,  &c. 

Alwar  State :  Buakgarh,  Lat.  27°  6'  E. ;  Long.  76^  21'  N.— Iron 
ores,  oonsisting  o£  a  mixture  o£  limonitej  magnetite  and  oxide  of 
manganese^  occnr  near  the  base  of  the  Arvali  series  of  rocks  close  to 
Bhangarh,  where  tliey  are  extensively  mined.  A  sample  contained  59*67 
j>er  cent,  of  iron  and  12'7  of  manganese.  Traces  of  nickel  have  been  found 
in  these  ores.  The  excavations  are  several  hundred  yards  long,  and  in 
pkces  20  or  30  wide,  and  it  is  evident  that  an  enormous  quantity 
of  ore  has  been  taken  from  them.  They  at  present  supply  ore  to  most^ 
if  not  all,  the  furnaces  in  the  Alwar  State.  There  are  similar  largo  mines 
at  Kajgurh,  lat.  27°  W  ;  long.  76"  40'  30' ;  but  they  are  not  now  worked, 
Tlie  above  information  is  from  papers  by  Mr.  C.  Hacket.'  In  1878 
Major  Cadell*  wrote  regarding  this  industry,  that  there  were  thirty  fur- 
naces in  the  State,  which  produced  15,000  mannds,  or  536  tons  j)er  annum. 

The  charges  of  the  furnace  were  large  and  the  smelting  lasted  for 
20  hours.  The  resulting  bloom  or  ball  of  iron  weighed  from  200  to  28(* 
jwunds.  The  proportions  of  ore  to  fuel,  as  stated,  namely,  5*20  pounds  to 
^l-O^are  unusual,  and  suggest  some  mistake,  as  in  most  native  furnaces  the 
quantity  of  fuel  bears  a  much  higher  proportion  to  the  ore.  The  sale  price 
of  the  ii*on  is  Rs.  112  per  ton,  and  the  profits  on  the  cost  of  manufacture,  of 
whieli  the  details  are  g^ven,  are  small,  having  to  be  divided  l>etwecn  the 
families,  including  some  60  or  70  persons  per  furnace.  The  royalty  is  10 
per  cent. 

In  1&75  there  were  more  than  80  furnaces  in  the  State,  some  of  them 
being  situated  at  Rajgarh,  Tahla,  and  Baleta.  One  kind  of  imported 
iron,  locally  called  Heri,  is  preferred  to  that  made  in  the  country,  but 
costs  twice  as  much.  For  fine  work  English  rolled  iron  is  used,  being 
neater  ihan  the  softer  country  hammered  iron. 

Jaipur  State  :  Kerwar. — Large  quantities  of  iron  ore  have  been 
raised  at  Kerwar,  near  llindaun,  but  the  mines  are  now  abandoned  in 
consequence,  Mr.  Hacket  thinks,  of  scarcity  of  fuel. 

Ajmir  District:  Ajmir,  Lat.  Se**  28';  Long.  74°  41'  30^— There 
are  some  old  abandoned  iron  mines  near  the  jail  in  the  city  of  Ajmir,  l>ut 
the  produce  cannot  have  been  considerable. 

Udepur  State :  Ganoab. — An  iron  mine  exists  1  mile  north  of 
Gangar  and  10  miles  north  of  Chitor.  It  is  in  a  bod  of  limonite,  with 
which  psiloraelane  is  associated,  of  from  1  to  5  or  6  feet  thick ;  it  is  at  the 
junction  of  the  quartzites  with   the  slates.     Mr.  Ilackcb  considers  ib 

»  Rocorda.  G.  S.  I..  Vol.  XIII,  p.  248;  and  Ulwar  OiwctlotT,  p.  183. 
'  Ulivar  Qoitetlevr.  p.  80. 
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probable  that  an  abundant  supply  of  ore  could  be  obtained  there.     A  few 
fnroaces  at  Gaugar  are  at  present  supplied  with  ore  from  thia  mine. 

There  are  also  some  small  mines,  now  abandoned,  at  Barundui,  1 
mile  south  of  Bara  Sadri  and  20  miles  west  of  Nimach;  the  ore  is 
limoniU\ 

Central  India :  Nimar  and  Malwa. — Tndore  territory  has  long 
borne  a  reputation  for  producing  iron,  and  in  the  "  Ain-i-AI>kAri"  the 
steel  mines  of  Indore  are  alluded  to,  together  with  those  of  Nirmal  in 
Hyderabad.  The  principal  localities  proceeding  down  the  Narbiula  valley, 
where  there  are  mines,  are  at  Chandgarh,  Potittssft,  Barwai,  Kandicote, 
Bagh,  &c.  There  has  been  much  written  on  the  subject  of  these  ores,  and 
their  applicability  to  the  production  of  iron  for  the  manufacture  of  rails ; 
but  at  Barwai  only,  under  the  energetic  and  persistent  efforts  of  Colonel 
Keatinge,  did  any  of  the  various  projects  asKume  a  tangible  form  ;  and 
how  far  even  this  one  failed  to  realise  the  object  aimed  at  will  be  seen 
from  the  following. 

Bakwai. — ^The  ore  at  this  locality  is  found  in  irregular  masses  of 
breccia,  the  matrix  of  which  is  chiefly  brown  hajmatite.  It  occurs  in  the 
Bijawar  rocks;  it  is,  according  to  Mr.  Blanford,'  doubtful  whether 
there  is  a  distinct  bed,  but  it  is  a  rich  ore  and  is  found  in  several  places. 
There  arc  old  mines  near  the  villages  of  Naudia,  Korundia,  Chutec-Modri, 
and  Karrampura  within  a  radius  of  4  or  5  miles  of  Barwai.  In  some 
cases  the  ore  is  a  pure  red  haematite  ;  in  others  it  is  siliceous  and  would 
not  be  easy  to  work.  Samples  of  ore  from  Nandia  gave  from  18*15  to 
43*43  per  cent,  of  iron.* 

In  the  year  1860  Colonel  Keatinge,  while  on  furlough,  was  deputed  to 
Sweden  by  the  Secretary  of  State,  with  a  view  to  obtaining  practical 
information  as  to  the  best  method  of  starting  iron  manufacture  at  Barwai 
on  the  Swedish  system ;  plans  were  drawn  up  at  Stockholm  by  Director  A. 
Grill,  the  head  of  the  Swedish  Iron  Coraptoir,  and  on  his  recommendation 
an  aocomphshed  Swedish  metallurgist,  Mr.  Mitander,  was  selected  as 
manager  of  the  proposed  manufactory.  A  statement,  dated  September 
1861,  from  which  the  above  facts  are  taken, '  gives  a  number  of  interesting 
details  in  reference  to  the  preliminary  arrangements  which  ha<l  been  made. 
The  ore  of  the  Nandia  mine,  which  was  a  limonite  found  in  globular  lumps 
in  an  ochreous  rock,  yielded  on  an  average  34'7S  per  cent  of  metal,  while  in 
the  better  qiiahties  the  average  exceeded  50  per  cent.  Of  this  ore  upwards  of 
400  tons  had  l»een  raised,  but  from  another  locality,  which  was  christened 

•  Mem,.  G.  S.  I..  Vol.  VI.  p.  377. 

*  Uliickwdl,  J.  II.,  1857.  Sclactions  from  Rooonli.  Bombiiy  Govorumont,  No.  XLIV. 
p.  7. 

'  Engiuccm*  Journal,  Calcuttn,  VoU  V,  1862,  p.  87. 


1S0S 


GEOLOOT  OF  INDU-IRON. 


(Chap.  VUl. 


Mitinderparj  a  stiU  riclier  hiematite  had  been  obtAioed,  fuid  of  it  600  tons 
had  been  raised.  The  flux  was  a  maga^sian  limestODe,  which  might  per- 
haps have  not  been  well  adapted,  owing  to  ite  containing  19  'Zb  per  cent, 
of  magnesia  to  32*47  of  lime.  Fuel  for  charcoal  had  been  prepared,  and  the 
blast  furnance,  casting-house,  rolling-mill,  charcoal  ovens  and  calcining 
kiln,  &c.,  were  all  in  process  of  erection  or  were  completed,  and,  after  some 
failures,  good  fire-bricks  had  been  produced.  Soon  after  it  is  believed 
that  operations  were  about  to  commence,  when  Mr.  Mitander  applied  for 
some  European  as&istance,  but  the  Government  declined  to  incur  further 
expense, '  and  the  works  were  offered  for  sale  towards  the  beginning  of 
l8(J3,  it  being  decided  that  in  so  far  as  Government  was  concerned  the 
experiment  had  gone  as  far  as  was  ex|)edient.  The  expenditure  up  to 
April  1854  had  been  £25,0U0,  but  although  the  works  were  offered  to 
the  highest  bidder  above  £5,000  it  does  not  appear  that  there  were  any 
offers,  and  Mr.  Mitander  returned  to  Europe  without,  so  far  as  is  known, 
having  placed  the  results  of  his  experience  on  record,  at  least  without 
having  done  so  in  a  form  which  would  be  of  service  to  any  one  who 
attempted  again  to  start  charcoal  iron  works. 

It  may  be  of  interest  to  add  that  Barwai  is  39  miles  distant  by  rail 
from  the  station  of  Khandwa  on  the  Great  Indhm  Peninsula  Railway. 
It  is  34  miles  distant  from  Mhow,  and  47  from  Indore. 

Bombay  :  Batnagiri  District. — Throaghout  the  Konkan  laterite  is 
widely  distributed,  and  in  places  it  contains  rich  iron  ore,  which  formerly 
used  to  be  largely  manufactured  into  iron  in  native  furnaces  at  Malwan, 
Vingorla,  and  other  places.  Near  the  first-mentioned  locality  either  mag- 
netic or  hfiematitic  ores  appear  to  have  been  also  obtained  by  Dr.  Gibson 
in  association  with  metamorphic  rocks.  Already,  in  1844,  comi)etition 
with  English  iron  and  increasing  scarcity  of  fuel  was  beginning  to  tell  upon 
the  local  industry,  and  it  is  probably  now  extinct.  Besides  the  abovo- 
named  authority,  Dr.  Koyle  and  Mr.  B.  G.  Shastra  have  described  the  iron 
ores  of  this  region,  and  the  latter  has  given  a  iigurc  of  tlie  form  of 
funiace  in  use.'-' 

Satara  District.— In  1837  Colonel  Sykes'  wrote  that  the  only 
metallic  ore  found  in  the  Deccan  was  of  iron  which  occurs  ae  a  nodalar 
haematite  associated  with  laterite  ;  it  was  the  ore  from  which  woo(£  or 
st^'cl  was  manufactured.  The  principal  place  where  it  was  worked  was 
Mahableshwar,  near  the  source  of  the  Kistna. 


•   Proce<?<rut^».  Ptihlic  Work*  Depnrttnent,  ISW-fii. 

'  Jour.  Boinlw^  Broiich  Rojr.  A»,  Soc,  Vol.  I,  pp.  139  niid  436. 

^  Mndmi  Jour,  of  Lit  nnd  Sci..  Vol.  Vl«  p.  864. 
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Surat  District. — Iron  ores  are  reported  to  occur  in  the  Bulsar  and 
Pardi  sul>-di visions,  and  there,  as  abo  at  liodhau  in  the  Mandvi  sub- 
division, slag,  the  refuse  from  former  furnaces,  hus  been  found ;  but  the 
trade  of  the  eraelter  is  now  no  longer  practised.  Magnetic  sand  is  said 
to  accumulate  at  the  mouths  of  the  rivers,  more  particularly  at  the 
Dumas  side  of  the  Tapti.* 

Sholapur  State. — A  brief  account  of  the  manufacture  of  iron  in 
this  State  is  given  by  Major  Graham,'  in  his  report  published  in  1H54. 
Three  varieties  of  ore  were  recognised,  namely,  borcffaltj  sAilga,  and  ialka. 
It  seems  probable  that  they  were  derived  from  the  laterite ;  they  ai*e  said 
to  have  occurred  principally  in  the  districts  of  Vishalgarh,  Cutiala,  and 
Kohlapur;  the  mines  were  shallow  pits,  never  excavated  below  a  depth  of 
8  or  10  feet.  It  is  stated  tljat  the  funiaces  were  simple  holes  in  the 
gpround,  lined  with  moistened  clay  and  powdered  flint.  The  proportion  of 
metal  produced  was  53  to  66  per  cent,  of  the  ore.  This  Keems  incredible 
and  is  probably  a  mistake.  It  required  the  labour  of  66  men  for  two  days, 
and  an  expenditure  of  Rs.  28,  to  produce  a  ton  of  metal,  which  pold  for 
from  Rs.  iJ7  to  Rs.  42  ;  the  quality  of  the  metal  was  bad.  The  number  of 
furnaces  in  the  State  was  30,  and  the  annual  outturn  of  metal  225  tons. 

Sawantwari  State. — Iron  ore  \b  found  in  the  three  divisions  of  this 
State,  but  is  said  to  be  not  very  abundant.'  It  appears  to  be  lateritic ; 
it  is  smeltetl  in  email  bottle-shaped  furnaces,  A  sketch  of  one  by- 
Mr.  Wilkinson  is  given  in  Mr.  Foote's  account  of  the  South  Mahratta 
country.* 

Panch  Mahal  District. — Iron  ores  of  considerable  richness  are  said 
to  occur  in  the  Godhra  village  of  Palanpur,  and  near  Jumbughora  and 
Surajpur  in  Nnrukot.  Both  in  the  Panch  Mahals  and  Narukot  traces  of 
former  smelting  works  exist,  but  there  are  none  now  in  operation.* 

Kaira  District. — There  is  no  information  as  to  the  nature  and  ex- 
tent of  the  ores  m  this  district,  but  large  heaps  of  slag  at  Kapudvanj 
testify  to  the  fact  that  they  were  formerly  worked  there.* 

Rewa  Kantha  District. — Iron  was  formerly  worked  extensively  in 
the  western  parts  of  this  district  close  to  Jarabughora.  The  ground  is  so 
widely  covered  with  slag  that  it  must  be  concluded  that  it  was  the 
site  of  extensive  iron  works.     Towards  the  south  of  the  district,  at 


J  Bombay  0»xett«er,  Vol.  U,  p,  88. 

*  Scleotioni  from  B«cords.  Bombay  Goromment,  No.  VIU,  p.  31. 
»  Op.  eU.,  No.  X,  p.  44. 

*  Mcin.  O.  S.  I.,  Vol,  XII.  p.  267. 

*  Uombny  Oniotteer,  VoL  III,  p.  197. 

*  Idem,  p.  15. 
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Sunodra,  25  miles  west  of  Nimdod,  there  are  large  raounds  of  sla^.  A 
gamplc  of  this  on  analysis  gave  the  following  result,  which  testifies  to 
the  imperfection  of  the  method  of  smelting  : — 
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Lime 

Iron  protoxide 

LoM, 

Mugnesia  and  mangnni^ac 
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28-00 

1'53 

tr. 

100 


Ck>od  ore  is  said  to  be  found  at  Bholod,  near  Ratimpur,  and  at  Tadkesar, 
not  far  south  of  the  Rajpipla  border.  Piles  of  slag  mark  the  sites  of  old 
furnaces,  but  the  present  inhabitants  neither  know  its  nature  nor  origin, 
nor  have  they  any  tradition  of  iron  having  been  manufactured  in  that 
part  of  the  country.  ^ 

Ahmedabad  District. — In  this  distiict,  too,  slag  affords  the  only 
testimony  of  the  former  existence  of  iron  works.  The  mission-houso 
near  Gogha  is  said  to  be  built  on  a  mound  pf  slag.^ 

Kattywar, — A  very  complete  account  by  Capt:iin  G.  Legrand  Jacol> 
describes  the  iron  industry  in  Kattywar,  as  it  was  in  the  year  1838.'  There 
were  six  groups  of  furnaces,  of  which  two,  situated  respectively  at 
Banawao  and  Raupur,  bad  been  visited  by  Captain  Jacob.  The  ore 
appears  to  be  of  luteritic  age,  as  it  is  in  some  cases  obtained  by  means  of 
pits  sunk  through  the  alluvium  which  indicates  a  mode  of  distribution 
only  compatible  with  the  rock  beino^  laterite.  The  positions  of  the  fur- 
naces were  chosen  with  reference  to  the  vicinity  of  available  fuel. 

The  furnaces  were  of  an  unusual  shape,  as  already  mentioned  in  the 
introduction  to  this  chapter,  and  indeed,  if  the  figure  of  one  which  is  given 
be  correct,  of  very  remarkable  and  exceptional  character.  From  it,  and 
from  the  accompanying  description,  it  would  appear  to  have  been  some- 
thing of  the  nature  of  a  reverberatory  furnace,  except  in  the  essential 
particular  that  the  oi-e  was  placed  in  partial  cont.act,  though  not  mixwl 
with  the  fuel.  The  furnaces  were  long  and  narrow  (dimensions  not 
^ven),  and  were  built  of  brickwork  lined  with  clay.  At  one  end 
there  was  a  chimney,   and   close  to  the  other  extremity  there  were 

'  Fnlljnmes,  Mujor  .1.  Solcctioos  from  Rorords,  Itombiiy  Oovcrnniont,  No.  XXUI,  p.  lOD. 
Blinfortl,  W.  T.  Mcui..  O.  S.  1..  Vol.  VI,  p,  378.  Canmbcll.  J.  M.  BoinUnj  Oaicttccr, 
Vol.  Vr.  p.  11. 

«  Cjituiilwll,  J.  M.     Op.  rii,  Vol.  IV.  p.  22. 

^  SvlocUouB  frvui  Records,  Oouihity  Guvornmcot,  No.  XXXVII,  p.  iC5. 
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two  apertures  on  opposite  sides;  through  one  of  theae  the  blast  from 
tlie  bellows  was  driven  over  the  ignikHl  f  uci,  and  by  the  other  the  slag  was 
withdrawn.  The  ore  was  placed  in  hollows  on  a  bod  of  charcoal,  and 
was  covered  with  a  layer  of  the  same,  but  was  so  arranged  as  to  be  on 
either  side  of  the  stream  of  air. 

The  bellows  consisted  of  two  bullock  hides  sewn  round  bamboo  hoops 
in  vertical  rings  and  worked  alternately  by  downward  pressure,  the 
operator  closing  the  mouth  of  the  sack  with  his  hands  as  he  weighed  upon 
it  with  his  chest  and  arms.  The  furnace  held  little  more  than  seven 
Bombay  maunds,  which  took  from  six  to  eight  hours  to  melt.  The 
Bombay  maund  was  equal  to  40  seers,  each  of  which  weighed  26  Bombay 
rupees ;  the  equivalent  therefore,  taking  the  rupee  at  a  lola,  would  bo 
about  2  cwt.  The  metal  taken  from  the  first  furnace  was  refined  in  » 
second,  was  then  split  into  ecjual  parts  and  then  wrought  into  bars; 
during  the  manipulation  tho  men  used  their  feet,  pr^ttected  by  sandals, 
almost  as  much  as  their  liands.  Captain  Jacob  calculated  that  40  per 
cent,  of  metal  was  obtained  from  the  ore ;  the  workmen  said  that  the 
direction  of  the  wind  affected  the  outturn,  five  maunds  being  obtained 
from  a  double  charge  of  the  furnace,  during  westerly  winds,  and  seven 
maimds  when  it  blew  from  the  east.  This  they  accounted  for  by  saying 
that  metals  were  like  mortals,  some  climates  agreeing  with  them  better 
than  (jthurs.  Tho  true  explanation  was  possibly  the  comparative  vigour 
of  tho  men  who  worked  tho  bellows  under  the  inllueuce  of  moist  and  dry 
winds  respectively. 

Captain  Jacob  says  that  it  was  difiicult  to  witness  without  pain  the 
struggles  of  these  men  for  a  subsistence,  which,  owing  to  competition 
with  English  iron,  was  yearly  becoming  more  arduous.  His  estimate 
of  the  total  outturn  from  the  six  foimdrics  was  150  tons  per  annum. 
The  best  quality  was  sold  at  a  rate  equivalent  to  Rs.  5J-10-6  tho  Bombay 
maund.  Foreign  iron  being  subjected  to  a  fixed  tax,  and  the  country 
iron  Ijeiug,  on  account  of  its  superior  malleability,  better  suited  for  special 
purposes,  were  circumstances  which  combined  to  keep  the  industry  alive; 
but  Captain  Jacob  predicted  its  extinction,  and  this,  it  is  believed,  has 
actually  since  taken  place. 

Outch. — In  the  year  1840,  Captain  Grant ^  described  the  manufac- 
ture of  iron  in  Cut<*h,  which  was  conducted  according  to  the  ordinary 
Indian  method,  but  the  trade  was  then  in  a  languishing  condition,  and 
j{  has  now,  owing  to  competition  with  English  iron  and  scarcity  ol  fuel, 
become  wholly  extinct. 


'  Tran«.  QmI.  Soo.  London,  Vol,  V,  mooo4  wric*.  p.  298. 
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The  ore  which  was  used  is  found  in  the  laterite  of  the  snb-numroa- 
litic  group,  and  in  some  ferrug^oiis  deposits  near  Bhaehan.  The  manu- 
facture was  chiefly  carried  on  near  Bhaehan,  where,  id  1851,  700  maunds 
were  made.  Lunva  and  Dudhai,  in  the  cast  of  the  central  plain  at  Madh» 
in  the  west  of  the  province  near  Vitroi  in  Vagad,  and  at  Kaura  in 
Pacham  island. 

According  to  Sir  A.  Bumes,  the  manufacture  at  the  last  locality  had 
ceased  before  1827,  The  metal  was  produced  there  at  the  rate  of  3^  cwU- 
to  16  cwts.  of  ore.  Cateh  iron  is  believed  to  have  been  of  good  quality. ' 
It  is  said  that  woofs  or  steel  used  to  be  produced  there. 

Sind. — Iron  ores  are  not  very  abundant  in  Sind,  but  owing  to  the 
want  of  fuel  this  is  not  of  much  importance.  Mr.  Blanford*  states  that 
the  most  prolific  sources  of  ore  are  in  the  passage  beds  between  the  Kirthar 
and  Ranikot  (tertiary)  groups  north-west  of  Kotri,  especially  in  the 
neigh lx>urhood  of  Lainyan  and  east  of  Bandh  Vera.  The  beds  are  in 
many  places  15  to  20  feet  thick,  but  only  a  portion  is  sufficiently  ferru. 
ginous  to  be  called  an  ore  of  iron.  Masses  of  magnetite,  and  bands  of  red 
and  brown  hajmatite,  occur,  however,  at  many  places.  The  same  l:)ed  exists 
west  and  south-west  of  Jhirak,  but  it  is  not  so  rich  there. 

Some  ferruginous  rocks  occur  in  the  beds  at  the  base  of  the  Manchar 
group,  where  the  latter  rests  upon  the  Kirthar  limestone  near  Bandh 
Vei*a,andat  the  base  of  the  LaUi  range,  but,  in  the  presence  of  the  abov(^ 
mentioned  richer  ore,  it  is  not  likely  that  this  can  ever  be  of  much  value. 

Afghanistan. — In  the  year  1846,  according  to  Captain  Hutton,'  the 
supply  of  iron  ore  for  Kandahar  came  from  Ubbergoon,  three  days'  journey 
south  of  Peshawar;  it  was  sold  by  traders  at  Pirmul  near  Ghazbi. 
There  were  three  qualities  of  metal,  which  ranged  in  price,  at  Kandahar, 
from  5  to  1 1  ^  annas,  or  double  what  they  cost  at  Pirmul.  The  distinc- 
tion was  produced  by  the  number  of  heatings  to  whieh  the  varieties  had 
been  subjected.     The  duty  amounted  to  one-fortieth  of  the  value. 

Magnetic  and  haematite  ores  are  said  to  occur  in  the  Hazara 
country,  and  a  clay  ironstone  in  the  tertiary  rocks  at  the  Bolan,  Iron 
pyrites  is  found  in  the  trap  at  many  places,  but  is  not  used.  Sulphate  of 
iron  derived  from  its  alteration  is  collected  in  some  places. 

Captain  Druramond*  has  described  tlie  manufacture  of  iron  in 
Northern  Afghanistan,  and  pointed  out  its  imperfections  at  some  length. 

»  Wynne,  A.  B.    Mem.,  0.  S.  T.,  Vol.  IX,  p.  87:  and  Bouabny  GnzotUscr,  Vol,  V,  p.   19. 
HatkM,  Lieut.  8.  N,    Selectioui  from  Records,  Bombay  Governiucut,  Vol.  XV,  p.  72. 
»  M.-m.,  0.  H.  I..  Vol.  XVII.  p.  193. 

•  Cttl.  Jour  Nat  Hiit.,  Vol.  VI,  p.  SOS. 

*  Jour.  A».  Soc.  Bengnl,  Vol.  X,  |i.  82. 
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The  process  is  identical  with  that  id  practice  iu  iDdla ;  be  specially  com> 
mentfi  on  the  absurdity  of  carrying  the  crude  or  kackcha  iron  to  places 
such  as  Kabul;  where,  at  a  great  expenditure  of  labour  and  fuel^  it  loses 
one-third  of  its  weight  before  it  is  converted  into  the  useful  article.  The 
carriage  of  the  refuse  alone  to  Kabul  costs,  he  estimates,  Rs,  1,000  per 
annum.  It  is  stated,  however,  that  the  Bajaar  iron,  which  was  made  of 
magnetic  sand,  was  in  great  demand  in  Kabul,  and  was  used  in  the 
manufacture  of  matchlocks  at  Kandahar ;  in  Kashmir  it  sold  for  three 
times  the  price  of  the  local  iron. 

Captain  Drummond  also  mentions  the  iron  of  Foormool,  which  is 
perhaps  the  Pirmul  of  Captain  Hutton.  It  was  situated  in  the  Waziri 
country  near  Kanignrara,  but  regaixiing  the  iron  ores  and  manufacture 
of  this  region  we  are  in  possession  of  some  more  recent  information. 
During  the  Waziri  expedition  of  1860,  Dr.  Stewart,'  who  accompanicfd 
the  force,  made  some  observations  on  the  geology.  With  reference  to  the 
iron  ores,  he  states  that  for  days  evidences  of  the  iron  manufacture,  for 
which  Kauigarara  had  long  been  famous,  had  l>een  visible  in  the  form  of 
furnaces,  slag,  and  stores  of  ore  in  the  villages,  but  be  failed  to  reach  the 
mines.  Subsequently,  he  forwarded  two  samples  of  ore,  one  of  which 
proved  to  be  limonite  containing  40 •4  per  cent,  of  metal,  and  the  other  wa« 
the  same  ore  mechanically  mixed  with  carbonate  of  lime  and  contained 
31' 8  per  cent,  of  metal. 

Dr.  Verchere,*  who  has  described  the  geology  of  this  region,  states 
that  the  ore  occurs  in  shaly  l>eds  below  nummulitic  limestone  ;  it  is  first 
roasted  and  becomes  black  and  highly  magnetic.  As  he  did  not  witness 
the  process,  nor  obtain  any  information  directly  from  the  people,  it  seems 
that  some  caution  is  necessary  in  accepting  the  following  statement,  as  it 
indicates  a  different  system  of  smelting  from  that  in  practice  else- 
where in  India.  It  is  stated  that  in  the  reduction  of  the  ore  a  flux  made 
of  the  nummulitic  limestone,  or  pieces  of  coral,  is  employed.  In  a  house 
at  Mackeen,  where  there  were  two  furnaces,  identical  with  those  used  in 
Kashmir,  heaps  of  ore,  charcoal  and  limestone  were  seen,  which  had 
evidently  been  collected  for  smelting.  In  spite  of  the  use  of  this  flux 
the  iron  is  only  smelted  into  a  pasty,  not  fluid,  condition,  and  it  is  refined 
by  hammerings.  Their  on  is  soft,  but  has  a  tendency  to  exfoliate.  In  an 
account  of  the  process  given  by  Mr.  Baden- Powell,'  no  mention  is  made 
of  the  use  of  a  flux. 


I  Joar.  It.  Soc  Betignl,  Vol.  XXIX.  pp.  817,  319. 
«  it^m,  Vul.XXXVi,  p.20, 
■  Punjab  rroducti»  p.  8. 
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According  to  Captain  Dmmmond,  this  iron  cost,  at  Kabul,  only  three- 
fourths  of  that  from  Bajaur,  the  prices  being-  in  Dost  Mahomed's  time 
Bfi.  6  and  Es.  8,  and  in  1841  Rs.  9  and  12,  respectively,  for  a  maund  of 
48  eeers, 

Puiyab. — Although  the  noblest  specimen  of  the  Indian  ironamith's 
art,  the  Delhi  pillar,  is  found  within  the  limits  of  the  Punjab,  this 
province  is  not  notable  for  the  production  of  iron  at  present.  Iron  ores 
are  indeed  found  in  several  of  the  districts,  but  the  Punjab  is  to  a  great 
extent  dependent  for  its  supplies  of  even  native  metal  on  neighbouring 
territories.  The  facilities  for  manufactui-ing  iron  in  the  province  on  the 
large  scale  are  certainly  less  than  elsewhere,  fuel  is  scarce,  and  the  iron 
ores  are  generally  not  easy  of  access. 

Bannu  District. — Iron  ores  are  said  to  be  found  in  abundance  in  the 
hills  to  the  south-east  of  Bannu.  At  Kalabagb,  the  metal  from  these 
ores  is  in  great  demand  for  making  nails,  cooking  utensils,  &c.  *  Whether 
the  ore  occurs  in  concretionary  masses  or  in  beds  is  not  known ;  it  appears 
to  be  an  earthy  hreraatite. 

Peshawar  District. — The  iron  ore  of  Bajaur  has  long  been  famous. 
It  is  believed  to  be  black  magnetic  iron  sand.  As  already  stated,  the  iron 
made  from  it  is  exported  to  Kabul,  where  it  is  held  in  higher  esteem  than 
the  Waziri  ii'on.  The  ore  is  said  to  be  sold  in  Peshawar  and  smelted 
there,  when  it  brings  from  Rs.  3  to  Rs.  6  per  maund ;  it  is  largely  used 
for  making  metal  for  gun-barrels,  &c. 

Salt-range. — The  opinions  of  both  Dr.  Fleming"  and  Mr.  Wynne' 
are  unfavourable  to  the  prospect  of  any  considerable  deposit  of  iron  ore 
existing  in  the  Salt -range.  The  known  ore  consists  of  nodular  masses 
or  inconstant  layers  of  an  earthy  ha^matite  resembling  laterite. 

Jhelam  District :  Kot  Keilana.— The  Kot  Kerana  hills,  which  do 
not  belong  to  the  Salt-range,  are  said  by  Dr.  Fleming  to  produce  an 
abundant  supply  of  ha)matite.  Dr.  Henderson*  made  some  successful 
experiments  with  this  ore,  and  produced  a  few  maunds  of  metal.  Fuel 
has  become  more  scarce  than  it  was  in  Dr.  Fleming's  time,  and  there 
seems  to  be  no  prospect  of  a  profitable  manufacture  of  iron  being  jwssible, 

Kangra  District;  Chota  Banoahal,  Koiiad. — An  abundant  supply 
of  magnetic  and  micaceous  ores  of  iron  are  found  at  Kohad  in  meta- 
morphic  rooks.  The  preparation  of  this  ore  for  the  native  furnaces  in- 
volves pounding  and  washing  to  get  rid  of  the  matrix. 

'  Punjab  Pro<ltict«,  p.  8. 

»  Jour.  Afl.  8oc.  Bengnl.  Vol,  XVII.  pt.  II.  p.  517. 

»  Memo..  Q.  S.  I.,  Vol.  XIV,  p.  283. 

*  Jour.  A*.  Soc.  Beugftl,  Vol.  XXIII,  p.  02. 
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A  report  on  the  production  of  iron  at  this  locality  was  written  in 
1873  by  Dr.  WarthJ  He  suggested  the  erection  of  a  Uast  furnace  and 
tilt  hammer  to  improve  the  native  methods.  The  proposition  with  refer- 
ence to  the  blast  furnace  was  not  adopted  by  the  Punjab  Government, 
but  a  sum,  not  to  exceed  Rs.  2,000,'*  was  granted  to  Colonel  Paske  to 
make  experiments  in  the  proposed  methods  of  improving  the  outturn 
and  economising  the  fuel,  &c.     The  results  are  not  known. 

Similar  ores  occur  at  Shele  to  the  east  of  Simla,  and  both  according  to 
Mr.  Medlicott,  are  on  the  same  geological  structure  as  the  ores  at  Ram- 
garh  in  Kumaun. 

Mundi  State. — According  to  Mr.  Calvert*  there  are  considerable  iron 
mines  in  Mundi ;  the  ore  is  in  the  form  of  sand. 

Ktllu  District. — Very  little  is  known  regarding  the  iron  ores  of 
this  district.  Mr.  Calvert  says  that  iron  from  neighbouring  states  is 
brought  in  large  quantities,  and  sold  at  the  annual  fair  in  Kulu. 
Saucepans  of  beaten  iron  and  large  boilers  for  sugar,  &c.,  are  in  con- 
siderable demand.  The  secret  of  preparing  steel  for  swords  consists, 
he  states,  in  making  use  of  charcoal  from  a  species  of  euphorbia  with  pods 
of  silken  fibre.  The  plant  so  indicated  is  doubtless  the  madar  {Calalropis 
gigantea),  which  is  however  not  a  euphorbia  but  an  asclepiad.  It  may  be 
that  Mr.  Calvert  heard  of  the  use  of  the  leaves  of  this  plant  in  the  pre- 
paration of  vjootz  in  Southern  India,  as  has  been  described  on  a  previous 
page.  The  use  of  charcoal  prepared  from  the  roots  of  this  plant  in  the 
manufacture  of  gunpowder  is  well  known. 

Sinnur  State :  Nahan. — The  Raja  of  Sirmur  enjoys  at  the  present 
moment  the  position  of  possessing  the  only  iron  blast-furnaces  in  India 
which  are,  or  are  about  to  be,  put  in  operation.  During  the  past  year,  the 
browing  engine,  which  is  of  considerable  size,  was  first  started  by  the 
Governor  General  towards  the  end  of  last  year.  The  foundry  is  stated  to 
be  fitted  up  with  all  modern  appliances,  and  is  under  the  direction  of  an 
accomplished  manager.  It  is  intended  to  convert  the  iron,  and  should  the 
project  be  carried  out,  rolling-mills  will,  it  is  stated,  be  erected.  The 
outturn  of  hot-blast  pig  from  the  new  furnace  is  estimated  to  amount  to 
50  tons  per  week. 

The  ore  to  be  used  is  stated  to  be  magnetite,  probably  mixed  with 
specular  ore ;  it  is  obtained  at  Chaita,  some  24  miles  distant,  by  rugged 
roads,  and  for  some  time  will  have  to  be  brought  upon  pack-mules.    The 

>  Punjab  Producta,  p.  8;  tnd  Mem.,  G.  S.  I.,  Vol.  XIV,  p.  28i. 

*  Vide  iDdiAO  Economiit,  Vol.  V,  p.  210. 
•Mem,  Q.8. 1..  Vol.  in,  p.m. 

•  •  Kulo.*  pp.  10,  91. 
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fuel  is  charcoal  from  the  forests,  and  it  has  also  to  be  broug:ht  from  a 
considerable  distance,  as  also  has  the  flux.  Tliese  are  serious  impedimentts 
in  the  way  of  making  the  foundry  a  paying  concern,  but  on  the  other 
hand,  as  the  materials  are  on  the  Raja's  land,  there  are  some  specially 
advantageous  features  in  the  undertaking. 

Gurgaon  District :  Ferozpuil.^ — The  iron  ores  of  Ferozpur  and  the 
process  of  smelting  them  were  described  60  years  ago  by  Captoin  Boilean,* 
and  in  187S,  the  district  officers  were  called  upon  for  information  regard- 
ing them  in  connection  with  the  enquiries  made  by  Government  as  to 
the  distribution  of  iron  ores  in  the  provinces  of  Northern  India. 

The  ores  are  probaby  brown  hsBmatites,  and  they  occur  in  rocks  of  the 
Arvali  series.  There  is  nothing  to  show  that  the  deposits  poseeas  any 
special  value,  and  there  would  certainly  be  a  scarcity  of  fuel. 

North- West  Provinces :  Ki^iaun. — The  first  and  most  noteworthy 
point  in  reference  to  the  iron  ores  of  Kumaun  is  the  extent  of  the  litera- 
ture to  which  they  have  given  rise  during  the  past  26  years.  In  fact, 
the  amount  of  iron  which  has  been  manufactured  boars  but  a  small  pro- 
portion to  the  number  of  the  reports  which  have  been  written  tipon  the 
subject.  Apart  from  the  fact  that  access  to  these  reports  may  be  had  l)y 
those  who  are  specially  interested,  it  would  seem  to  be  only  adding  to 
the  incubus  were  it  attempted  to  give  a  detailed  resume  of  the  contents 
of  these  reports.  It  will  be  sufficient  perhaps  to  state  their  most  salient 
features  here,  and  then  to  state  briefly  the  ultimate  conclusions  as  to  the 
facilities  for  iron  manufacture  which  are  afforded  by  Kumaim  j  for  thi«» 
latter  purpose,  the  most  recent  report,  which  is  by  Mr.  Hughes,  supplies 
part  of  the  necessary  information,  and  the  remainder,  which  refers  to  the 
latest  operations,  in  1877-79,  is  derived  from  some  notes  kindly  supplied 
by  Mr.  A.  Campbell. 

The  existence  of  valuable  iron  ores  in  Kumaun  was  first  brought  to 
notice  by  Colonel  Drummond  in  the  year  1850,  and  a  paper  by  Mr.  J. 
O'B.  Beckett*  on  the  iron  and  copper  ores  of  Kumaun,  was  written  in  the 
same  year.  He  describes  the  native  processes  of  manufacture,  &c.  In 
1852  Colonel  Dnimmond  published  a  paper  in  London  on  the  same 
subject. 

In  1855,  a  well-equipped  party  of  miners  and  smelters  under  the 
superintendence  of  Mr.  \V.  Jory  Hcnwood  was  sent  out  to  India  by 
the  Honourable  Court  of  Directors,  to  report  on  the  iron  and  copper  of 
Kumaun.  The  report,^  which  appeared  during  the  course  of  the  same  year, 

*  Glcftningt  in  Science,  Vol.  Ill,  p.  327. 

'  f^lections  from  Record*,  Nortb-^Wcst  ProTincea  Oovernnieat,  Vol.  Ill,  new  Mricf,  p.  22. 

'  8cl«cUoni  from  Records,  QoreratDCDt  of  Indin,  No.  Vltl. 
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was  not  altogether  favourable  to  the  views  which  bad  previously  been 
expressed  as  to  the  feasibility  of  manufactxiriDg  iron  at  the  fo«t  of  the 
hills,  and  somewhat  strangely  Burrulgaon  was  selected  as  the  most  suit- 
able site  for  a  trial  blast-furnace,  but  it  was  not  ejcpected  to  be  a  com- 
mercial success,  and,  considering  that  it  was  situated  at  60  miles  distance 
from  the  plains,  it  is  difficult  to  conceive  how  any  successful  result  could, 
under  any  circumstances,  have  been  expect-ed.  Mr.  Kenwood's  object, 
following  his  instructions,  was,  however,  to  teach  the  natives  an  improved 
method  of  manufacture,  and  for  this  purpose  the  locality  chosen  was,  no 
doubt,  the  most  suitable. 

At  the  same  time  Mr.  Sowerby  was  sent  on  a  roving  commission  by 
the  £a£t  Indian  Railway  Company  to  enquire  into  the  nature  and  extent 
of  the  iron  ores,  and  his  opinions  were  expressed  in  language  of  very 
emphatic  antagonism  to  thoee  of  some  of  the  previous  writers. 

In  1856,  a  report  by  Major,  now  General  Sir  Richard  Strachey,  WM 
pnblished  on  a  project  for  the  establishment  of  iron  works  in  tho  Kuniaun. 
Bhabar.  In  this  report,  the  practicability  of  manufacturing  iron  from 
the  materials  available,  the  probable  outlay  on  the  projwsed  works,  and 
the  profits  to  be  expected  from  the  mattufacture  of  pig  and  bar  iron,  were 
fully  discussed,  and  Dechauri  was  considered  by  General  Strachey  to  be 
the  most  favourably  situated  locality  for  the  works.  The  final  estimate 
of  outlay  on  these  works  was  Rs.  15,75,000,  and  the  return  was  calcu- 
lated as  follows  : — 

1,300  tons  cast-iron— 

Pif  iron  At  R«.  60  per  ion 
Ca&tingR  at  Kb.  120  por  ion 
Average  Rs.  77  per  ton  .  ] 

3,500  tons  of  wrought  bars — 

Average  Rs.  140  per  ton  .  .        .    490,000 


say 


Bs. 

100.000 


Deduct  annual  outlay    . 


590.000 
486.000 


Balance  giving  6^  per  cent,  on  outlay    lO^OOO 

From  Dechauri  to  Rurki  the  expense  of  c^irriage,  Rs.  15  per  ton, 
was  to  be  added  to  the  above  prices. 

Slight  alterations  in  the  data  upon  which  the  above  estimate  was 
made  give  very  different  results  in  either  du'ection,  but  for  these  reference 
must  be  made  to  the  original  paper. 

In  1857,  the  Government,  with  the  avowed  intention  of  demonstrat- 
ing the  possibility  of  making  the  manufacture  of  iron  a  success,  estab- 
lished Mr.  Sowerby,  and  under  him  a  number  of  European  assistants,  at 
Dechauri.    At  the  same  time  a  company,  under  the  title  of  DaWes  &  Co.« 
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was  permitted  to  commence  operations.  In  1858  tlie  latter  took  over, 
at  their  cost  price,  works  which  had  been  erected  at  Khurpa  Tal,  and  erected 
others  at  a  cost  of  Re.  1 ,25,000.  In  18C0  the  Government,  being  dis- 
satisfied with  the  expenditure  and  small  results  of  the  Bechauri  works^ 
appointed  Dr.  Oldham  to  report  on  the  management,  the  result  being 
that  it  was  declared  to  have  been  both  extravagant  and  incompetent. 

The  establishment  was  paid  off,  and  Colonel  Drummontl,  on  behalf 
of  a  company,  offered  to  take  over  the  works  at  a  valuation.  In  1S62 
the  two  companies,  Davies  &  Co.  and  Drummond  &  Co.,  were  amal- 
gamated under  the  title  of  the  North  of  India  Kuraaun  Iron  Works 
Company  (Limited).  A  statement  of  what  ensued  is  given  in  a  paper 
by  Mr.  E.  T.  Atkinson.  A  license  was  promised  by  Government,  bat 
there  was  delay  in  its  preparation,  and  when  ready  in  1864,  the  company 
had  already  found  that  they  could  not  make  the  undertaking  pay  and 
they  had  suspended  operations,  but  this  is  said  to  have  been  in  part  due 
to  difficulties  abont  raising  the  necessary  capital  owing  to  the  long- 
deferred  want  of  title. 

Another  account  puts  the  failure  down,  in  a  great  measnre,  to  want 
of  knowledge  on  the  part  of  the  Directors,  and  the  consequent  absence 
of  any  definite  scheme  of  operations ;  the  scope  of  the  operations  expanded 
in  a  haphazard  sort  of  way.  The  manager  was  hampered  wiUi  petty 
details,  and  bad  to  a  great  extent  to  leave  the  real  object  of  the  enterprise* 
the  manufacture  of  iron,  to  others.  The  European  mechanics  were  out 
of  hand,  and  as  the  works  were  closed  from  June  to  October,  and  the  men 
were  allowed  to  idle  during  that  time  in  the  hills,  it  is  not  to  be  wondered 
that  they  felt  hard  work  and  discipline  irksome  during  the  remainder  of 
the  year.  Their  pay  was  assured  to  them  whether  they  turned  out  good, 
bad,  or  no  iron  at  all.  They  were  well  housed,  but  the  machinery  at  the 
works  wa6  defective;  the  hot  blast  among  other  things  was  never  intro- 
duced. But  even  the  writer,  from  whom  the  above  has  been  quoted,  con- 
siders that  the  want  of  sufBcient  capital  was  the  prime  cause  of  failure. 

In  1874,  Mr.  Bauer  man  visited  Kumaun  and  reported  upon  the  pros- 
pect of  re-establiflhiog  the  manufacture  of  iron.  His  opinion  was  not 
favoursible  either  in  reference  to  what  had  been  done,  or  to  the  prospect 
of  iron  being  made  profitably  in  the  future.  This  view  not  being  accept- 
able to  the  local  authorities,  a  further  report  was  called  for  from  the 
Geological  Survey,  and  Mr.  Hughes  was  deputed  for  the  purpose.  From 
his  report,*  the  following  facts  as  to  the  nature  and  extent  of  the 
materials  are  taken.  The  localities  where  ore  occurs  are  grouped  under 
four  heads,  namely,  Ramgarh,  Khairua,  KaUwlhungi,  and  Dochauri. 


»  Itecimb,  O.  S.  I.,  Vol.  VII,  p.  16. 
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Ramoaru. — Under  this  heading  are  include<l  localities  at  Pahli, 
Losbgani,  Natim-khan,  and  Parwara,  which,  though  far  apart,  are  on  the 
same  geohgic&l  horizon.  Tlie  ore  is  a  micaceous  hoBmatito  which  occurs 
in  heds,  in  association  with  schists.  It  is  rich  and  abundant^  and  might  ho 
easily  worked.  The  assays  of  ore  from  the  different  mines  vary  a  good 
deal ;  at  Natua-khan  the  ore  contained  61'33  per  cent,  of  iron.  Limestone, 
containing  only  67*6  per  cent,  of  carbonate  of  lime,  occurs  at  Natua-khan. 

Kharina. — The  ore  of  this  region  is  not  of  much  promise,  as  it  occurs 
as  small  veins  of  haematite  in  a  bed  of  quartzite.  If  the  valley  of  the  Kosi 
contain  rich  ores  they  might  be  valuable,  as  they  might  be  carried  with 
comparative  ease  to  the  plains  to  mix  with  the  poorer  ores  of  the  Bhabar; 
but  regarding  the  existence  of  such  ores  there  is  no  information. 

KALADHrNOi. — The  ore  occurs  here  with  the  clays  and  sandstones  of 
the  Nahan  group  of  tertiary  rocks,  but  its  precise  mode  of  occurrence, 
in  consequence  of  the  absence  of  distinct  sections,  is  not  very  clear. 

Ab  to  its  abundance  there  can  be  no  doubt,  but  the  quality  is  variable 
owing  to  the  unequal  proportions  in  which  different  portions  of  it  are 
mixed  with  earthy  matter.  A  favourable  sample  collected  by  Mr, 
Hughes  contained  38*82  per  cent,  of  iron. 

DECHAUEi.'^The  ore  in  this  neighbourhood  is  of  better  quality,  but 
not  so  extensive,  as  that  at  Kaladhungi,  still  there  is  an  abundant  supply. 

The  assays  of  samples  horn  the  above  localities  gave  the  following 
results: — 

Docliaorl,  KaUdbuugi. 

Lo98  in  hetiting 4'58  7*07 

Iron  oxide 70-88  4fi91 

Alumina 479  5*27 

Limtt 311  110 

Pliofiphoric  Acid 1*67  '66 

SilicA  and  inaoluble i:>*81  36*63 

10084  101-23 

Metallio  iron  in  the  above       ....    55*18  88'82 

The  question  of  fuel  has  been  discussed  over  and  over  again  in  the 
reports  alluded  to  above,  as  well  as  others  not  mentioned.  The  legi, 
timate  conclusion  appears  to  be  that  by  strict  conservancy  and  re-planting, 
consumption  would  not  exceed  the  available  supply  ;  but  the  carriage  of 
fuel  would  necessarily  be  an  expensive  item  if  only  fully-growu  trees,  here 
and  there,  were  taken  from  the  forests.  There  is  not  the  slightest  solid 
ground  for  hope  that  coal  will  ever  be  found,  but  this  question  has 
already  been  discussed. 

The  latest  information  in  reference  to  this  tangled  history  of  the 
Kumauu  iron  works  has  been  supplied  by  Mr.  A.  Campbell.     It  refers  to 
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the  period  from  1877-79,  when  the  Govamment  again  embarked  in  iron 
manufocture.    Mr.  Riley's  analyses  of  the  ores  were  as  foUows : — 

Dodiauri.       GwsUkuri,  •▼Mtgv  of  6. 


Silica 

.      17-82 

3242 

•22 

Peroxide  of  iron 

54-64 

51-60 

Protoxide  of  iron 

tr. 

7-87 

Oxide  of  manganese 

•25 

1-50 

Alamina  . 

1643 

4^04 

Carbonate  of  lime     . 

l^d9 

tr. 

Magnesia 

•50 

0-36 

Phosphoric  acid 

•61 

0-11 

Solphnr   . 

tr. 

001 

CSomhined  water 

5-65 

263 

Moistnre  •        •        . 

1-45 

... 

Potash     .... 

•21 

... 

99-87 

100-43 

MetaUic  iron    . 

88*25 

42-36 

The  Dechauri  ore  consisted  of  15  maunds,  from  different  places^  which 
weie  poimded  and  then  sampled,  so  that  the  above  may  perhaps  safely  be 
t  taken  as  a  fail  average. 

Flux. — Several  of  the  early  writers  refer  to  the  boulders  of  limestone 
found  in  the  bed  of  the  Boer  river  as  being  likely  to  yield  a  suitable  flux, 
and  it  is  believed  that  they  were  tried  in  the  furnace  during  some  of  the 
operations  j  but  in  1877-79,  a  tufaceous  limestone  was  used  and  was 
found  to  be  a  much  more  suitable  material  in  consequence  of  its  compa- 
ratively small  amount  of  magnesia,  as  will  be  seen  from  the  following 
analyses  by  Mr.  Riley : — 

Boulders  from  Beer  river.    Mabulchaur  Tata. 

Silica 

Alumina  .        .        .  •      . 

Iron  protoxide  .... 

Manganese       ..... 

Lime 

Magnesia 

Carbonic  acid 46*45 

Salphnric  acid '18 

Phosphoric  acid "03 

Water  combined ^41 

Moisture ^20 

Organic  matter 


-68 

1-70 

•64 

•74 

1-12 

-70 

tr. 

tr. 

29-45 

92-20 

21-72 

408 

Nil 


tr, 


100-78 


99-42 


Economic  0«ology.  ] 


PIO  IF 


Mr.  Campbell  states  that  there  are  enormons  deposits  of  this  tufa- 
ceoiis  limestone  within  7  miles  radias  of  Dechaim, 

Pig  Iron. — Analyses  of  the  pig  produced  from  the  above  materials 
gave  the  foUowing  results : — 


Carhon  m  graphite 
€arboB  m  oombiued  cai 

Silicliim 
Sulpbnr 
Phoaphonu  . 
Ii-on    . 
Manganeso 
Copper 
Titanitim     * 


•bon 


No. «. 
2726 

1-299 
1-691 


1-23K 


No  02. 

3227 
1*560 


•171 


89-025 


99*689 


The  charge  when  No.  61  was  produced  was  oue-third  Gwalaknri  ore, 
two-thirds  Dechauri  ore,  and  one-third  tufa  limestone. 

Owing  to  the  amount  of  alumina  present  in  the  Dechauri  ore  it 
was  found  necessary  to  add  the  Gwakkuri  ore,  which  contained  gutiicient 
silica  to  give  a  fusible  cinder  when  added  in  the  above  proportions.  But 
this  necessity  was  partly  instrumental  in  producing  the  collapse  of  the 
last  effort  to  produce  iron  profitably  in  Kumaun.  Great  difficulty  and 
expense  was  incurred  in  getting  down  tlie  Gwalakuri  to  Dechauri ;  other 
causes  there  appear  to  have  been  too  ;  but  it  is  impossible  without  fuller 
information  to  state  here  exactly  what  they  were. 

As  a  practical  record  of  what  was  accomplished,  the  following  ab- 
stract of  working  for  the  week  ending  March  8th,  1S79,  is  of  value : — 


yuinlwrof 

CbATKO*. 

T«np«tmtnre 

fnamn. 

MaTXUAU    CIBD   IK  MAPSD*. 

ChwoMl. 

Oocbuuri 
ore. 

QwAlakuri 
ore. 

Tufa 
linicstono. 

ScrAp  irao. 

ra 

M0» 

s&« 

1.W3 

1,<W)| 

mt 

UB 

»8 

(haf4ir%. 


Pig  No.  1. 

Pig  No.  & 

— • = 1 

Pig  No.  3. 

Tk»lia. 

Pflr  c«nt. 

of  iroD  from 

ore. 

Percent, 
iron  to 
ohjirg«, 
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tol  mund 

at  pig. 

474 
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75 
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Assam. — In  connection  with  his  description  of  the  Assam  coal-fields, 
Mr.  Mallet  •  gives  a  short  account  of  the  iron,  from  which  the  following 
fcictfi  are  chiefly  taken.  The  principal  ores  found  in  the  valley  of  the 
Bhramapntra  are  clay  ironstones  from  the  coal-measures,  and  an  impure 
limonitc  from  the  sub-Himalayan  strata.  The  former  occurs  in  nodules 
of  various  sizes,  and  sometimes  in  thin  beds  interstratified  with  shales  and 
sandstones.  Assays  of  nodules  from  Tirugaon  and  Tel  Pung  yielded  from 
40*1  to  22'1  per  cent,  of  iron,  and  of  the  shales  from  Tel  Pung,  23*6  per 
cent.  The  ores  of  the  sub-Himalayan  strata  (Tipam  group)  resemble  in 
geological  position  those  of  Kaladhungi  and  Dechauri  in  Kumaun; 
favourable  samples  yielded  35*2  and  32*6  per  cent,  of  iron,  but  the 
average  is  considerably  less. 

Both  descriptions  of  ores  were  formerly  largely  worked  by  the 
Assamese.  According  to  Colonel  Hannay,'  there  were  3,000  smelters 
and  smiths  in  Upper  Assam.  The  principal  centres  of  their  operations 
were  at  Tirugaon  and  Hattigar,  where  the  remains  of  their  slag  heaps 
and  furnaces  are  still  to  be  seen.  In  the  16th  and  17th  centuries 
Assam  was  famous  for  the  manufacture  of  big  iron  guns ;  the  largest 
specimen  known  to  Colonel  Hannay  was  in  the  Rangpur  Fort ;  it  mea- 
sured 17  feet  3i  inches  and  the  metal  was  7 J  inches  thick.  The  final 
abandonment  of  the  trade,  which  had  suffered  during  incureions  by  the 
Burmese,  was  brought  about  by  the  heavy  royalties  placed  on  the  ores 
by  the  Raja,  which  prevented  the  metal  competing  with  that  from  tho 
Khasi  hills  in  the  fu-st  place,  which  was  not  subject  to  duty,  and  after- 
wards with  that  from  England,  which,  it  is  believed,  supplies  the  whole 
requirements  of  the  province  at  present.  There  is  not  now  a  single 
smelting  furnace  between  Makum  and  Golaghat,  and  the  trade  in  Khasi 
iron  has  ceased. 

The  ore  of  the  coal-measures  is  probably  not  in  sufficient  abundance  to 
afford  a  supply  to  a  blast  furnace  on  the  English  principle,  while  that 
in  the  sub-Himalayan  rocks,  though  it  is  practically  inexhaustible,  is  of 
poor  quality.  The  scarcity  of  limestone  in  the  Naga  hills  would  prove  a 
difficulty  in  the  way  of  introducing  smelting  operations  on  a  krge  scale. 

Khasi  and  Jaintia  Hills. — The  first  notice  of  the  iron  ores  and  system 
of  iron  manufacture  in  the  Khasi  hills,  dated  1828,  is  by  Mr.  Walters/ 
who  gives  a  sketch  of  the  form  of  furnace  and  bellows  which  were  in  use. 
In  1^29,  Mr.  Jones,  in  a  paper  in  the  Gleanings  in  Science/  conunends 

'  Mem..  G.  S.  h.  Vol.  Xn.  p.  869. 

«  Jour.  A».  Soc.  Bengal.  VoL  XXV,  p.  380. 

»  Am.  Rm.,  Vol.  XVIJ.  p. 

*  Vol  I.  p.  254. 
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Pandua  as  being  the  most  suitable  place  in  India  for  the  establishment 
of  iron  works,  and  briefly  describes  the  native  process  of  iron  manufacture, 
one  peculiarity  he  mentions  being  that  the  ore  after  cleaning  is  mixed 
with  water,  when  pieces  of  stick,  leaves,  &c.,  are  dipped  into  it  until  they 
take  up  as  much  as  they  will  hold,  and  when  dry  they  are  thrown  into  the 
furnace.    The  metal  was  sold  at  Pandua  for  Rs.  1-4  per  maund. 

In  1832,*  Mr,  Craeroft  described  and  figured  the  Khasi  process  of 
making  iron.  The  bellows,  of  which  there  were  two,  presented  some 
peculiarities ;  they  were  suspended  vertically  with  the  nozzles  pointed 
downwards,  and  were  worked  alternately  by  a  wriggling  motion  of  the 
body  of  the  operator,  who  balanced  his  weight  upon  them.  The  furnace 
was  fed  with  charcoal,  which  had  moistened  iron-sand  adhering  to  it,  and 
the  metal  which  formed  at  the  bottom  of  the  furnace  was  hammered  out 
by  a  wooden  mallet  on  a  stone  anvil.  In  1834,^'  Lieutenant- Colonel  T, 
C.  Watson  strongly  advocated  the  establishmeat  of  an  irou  and  steel 
factory  on  an  extensive  scale  at  Cherra  Punji.  He  alludes  to  the 
abundance  of  coal  and  states  that  the  iron  ore  could  be  obtained  at  the  rate 
of  four  maunds  for  the  rupee  in  any  quantity.  Fire-clay  and  lime  are 
said  to  be  abundant,  while  the  numerous  streams  would  afford  water 
power  for  over-shot  wheels. 

The  next  paper  is  by  Lieutenant  Yule,  dat43d  1842.*  It  is  illustrated 
by  a  plate  showing  the  method  of  obtaining  the  ore  which  has  been  re- 
produced in  this  volume  (Plate  VI) .  The  principal  area  in  which  the 
mines  were  worked  is  situated  about  18  miles  north  of  Cherra  Punji,  and 
extends  for  a  distance  of  6  miles  from  east  to  west  and  of  9.  miles  from 
north  to  south.  Mr.  Yule  gives  a  full  account  of  the  process  of  washing  this 
ore,  which,  having  been  practised  from  time  immemorial,  has  left  its  traces 
in  what  he  describes  as  the  skeletons  of  hills,  gigantic  masses  of  granite 
piled  on  one  another  in  massive  confusion.  Dr.  Oldham's  description*  of 
the  mode  of  occurrence  of  the  ore  is  as  follows  :  "  The  only  ore  worked 
in  these  hills  occurs  in  the  form  of  a  fine  sand  consisting  of  minute 
crystals  of  titaniferous  magnetic  oxide,  which  are  regularly  distributed 
in  the  mass  of  the  softer  portions  of  the  granite  rocks,  and  also  occasion- 
ally in  some  of  tlie  gneissose  beds.  The  upper  portion  of  the  granite  ia 
partially  decomposed  to  a  considerable  depth,  and  this  soft  and  easily. 
yielding  rock  is  not  quarried  or  mined,  but  simply  raked  into  a  small 
stream  of  water  conducted  along  a  little  channel  formed  at  the  base  of 
a  small  scarp  or  face  of  rock  from   which  the  ore  is  obtained.     The 

>  Jour.  A$.  8oc.  Bengal.  Vol,  f,  p.  160.  • 

•  Op.e%t„\o].  J 11,  p.  26. 
»  0/^M^  Vol.  XI,  p.  868. 

*  Mem..  G.  8.  L.  Vol.  I,  p.  201. 
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K  oouiirs  111  vimvnM**\\\wy  iih^hoh,  consiitiDg  of  concentric  layers  round  a 
(i(ii<lt»tiM  of  L«luy,  ttttil,  in  thin  forni;  it  occurg  in  both  the  sandstonos  and 
,(inltf(l<»IIHiril(f>M. 

•  VhMI,|i  UNO, 

(  HiHHHiU,  (I,  N.  I .  Vul  I,  |i.  8Ui  Vul.  VI,  p.  Ill  I  Ntid  Mow.,  Q.  S.  1.,  Vgl  X,  p.  SO. 


414 


GEOLOOY  OF  INDIA -IRON. 


LChap.  VUI. 


manipulative  skill  of  some  of  the  Khasi  women,  acquired  by  long  practice 
in  these  operations,  ia  very  great,  and  a  very  small  proportion  of  the  ore 
is  lost  in  the  washing/' 

Tlie  Plat*?,  which  represents  the  preliminary  washing  in  the  artificial 
channel  and  the  final  washing  iu  a  wooden  trough,  will  probably  convey 
a  sufficient  idea  of  the  details  of  the  process. 

The  ore  was  pold  at  the  mt€  of  seven  baskets,  or  about  tliree  maunds, 
for  one  rupee.  It  was  conveyed  often  to  distant  villages  for  the  rough 
smelting,  and  then  the  crude  iron,  in  balls  weighing  seven  seers  each,  was 
sold  and  despatched  to  the  plains  or  was  converted  in  certain  of  the  hill 
villages  into  kodalis  (spades)  and  akows  (knives),  or  into  hooks  used  by 
the  boat-builders  for  fastening  timbers  together.  In  the  conversion 
about  43  per  cent,  was  lost  owing  to  the  impurity  of  the  balls,  which 
were  not  well  hammered  to  express  the  slag,  as  is  the  case  in  most 
parts  of  peninsular  India,  but  merely  rudely  shapcn  with  a  wooden  club. 

Dr.  Oldham  states  that  the  quality  of  the  iron  was  excellent  for  all 
such  purposes  as  Swedish  charcoal  iron  is  used  for,  and  that  it  would  make 
good  wQoiz  or  steel.  In  its  ordinary  condition  it  is  less  durable  than 
English  iron,  which  has  so  completely  driven  it  out  of  the  market  in  Assam, 
that  iron  manufacture,  the  decadence  of  which  in  the  Khasi  hills  may  be 
traced  in  the  various  papers  above  quoted,  is  now  an  extinct  industry. 

Owing  to  the  cost  of  collecting  the  scantily  disseminated  ore,  and  the 
fact  that  it  can  only  l)e  practised  during  the  rains,  Dr.  Oldham  did  not 
think  that  the  manufacture  of  iron  in  the  portion  of  the  hills  examined 
by  him  could  be  much  extended. 

Some  additional  information  on  this  subject  will  be  found  in  the 
Statistical  Account  of  Assam, ^  in  which,  quoting  from  a  report  written 
by  Mr.  Allen  in  1H58,  it  is  stated  that  the  then  annual  export  amounted 
to  the  value  of  Rs.  67,500.  In  1876.77  the  export  of  manufactured 
articles  amounted  to  the  value  of  Rs.  7,000  as  against  Rs.  18,000  of 
imported  nails  and  bar-iron,  &c. 

Burma :  Pegu  Division. — According  to  Mr.  Theobald,*  an  abundant 
source  of  iron  ore  is  found  in  the  fossil  wood  group  (tertiary)  in  the 
Eastern  Prome  district.  This  ore  consists  of  the  hydrated  peroxide,  and 
is  occasionally  found  as  a  thin  band  up  to  3  inches  in  thickness,  which 
is  jointed  into  irregular  rhomboidal  masses.  More  frequently,  however, 
it  occurs  in  concretionary  masses,  consisting  of  concentric  layers  round  a 
nucleus  of  clay,  and,  in  this  form,  it  occurs  in  both  the  sandstones  2Uid 
conglomerates. 


•  Vol.  II.  p.  285, 
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This  ore  is  of  good  quality,  and  was  largely  smelted  vinder  the  Burmese 
rule ;  but  there  are  now  no  funiacea  in  operation  in  British  territory,  the 
introduction  of  English  iron  and  steel  having  crushed  out  the  industry. 
Remains  of  the  furnaces,  which  were  made  in  banks  of  firm  alluvial  clay, 
are  still  to  be  seen,  and  ancient  slag  heaps  abound  in  the  country  east  of 
the  Sitang.  Thick  beds  or  lodes  of  magnetic  ore  occur  in  the  metamor- 
pbic  rocks,  and  specular  iron  occurs  as  an  integral  constituent  of  some  of 
the  schists  and  has  sometimes  been  mistaken  for  galena.  Mr.  O'Riley 
states  that  the  former  is  abundant  in  the  lower  hills  near  Shwe-gyeng. 

Tenasserim  Division:  Tavot,  Lat,  14°  5';  Long.  2^"  10'.— Dr. 
Heifer'  mentions  that  there  are  17  localities  between  Maulmaio  and 
Tavoy  in  the  tertiary  hills  where  iron  ores  occur ;  but  the  favourable 
situation  of  6ome  magnetic  ore,  which  is  found  at  one  hour's  distance  from 
the  town,  together  with  ita  abundance  and  excellent  quality;  gives  it  a  far 
higher  value  than  any  of  the  others  can  jwssibly  possess;  not  far  from  it  is 
a  second  bed  forming,  apparently,  a  whole  hill.  It  is  probable  tliat  these 
ores  occur  in  association  with  the  tinstone-bearing  granite.  Samples  of 
them  were  forwarded  to  Dr.  Ure,^  who  found  that  they  contained  up- 
wards of  60  per  cent,  of  metallic  iron  with  traces  of  phosphate  of  lime,  but 
none  of  manganese  or  titanium.  Tlie  magnetic  properties  are  said  to  be 
known  to  the  Burmese  and  are  a  cause  of  great  wonderment  to  them. 
Dr.  Heifer  was  unaware  that  this  ore  had  everbeeft  worked,  but  according 
to  Mr.  Blundell,  during  one  of  the  expeditions  of  the  Burmese  against 
Siam,  smelters  were  sent  down  from  Ava,  and  iron  was  made  on  the  spot 
and  worked  up  into  swords,  knives,  spears,  and  other  weapons. 

Limestone  from  Tavoy  was  reported  on  by  Dr.  Ure,  who  stated  that 
it  was  perfectly  pure  and  akin  to  statuary  marble,  and  would  afford  a 
good  flux.  Wood  for  charcoal  is  abundant  and  w^ter-carriage  might  be 
made  available. 

Dr.  Heifer  mentions  that  iron  pyrites  is  abundant,  and  Mr.  Mason 
that  copperas  or  iron  sulphate  is  often  found  as  the  result  of  its  alteration. 
Red  ochre  occurs  in  several  places  on  the  Great  Tenasserim. 

Mergni. — An  island  1  mile  in  circumference  and  including  a  hill 
200  feet  high,  al)out  10  miles  south-west  of  Mergui,  is,  according 
to  Mr.  Blundell,  formed  of  iron  ore,  which  Dr.  Ure  stated  would  yicM 
good  iron.  Limestone  is  obtainable  at  several  accessible  localities  on  the 
main  branches  of  the  Tenasserim  river.  It  is  not  known  whether  this 
iron  has  ever  been  worked ;  the  process  of  smelting  is  not  known  to  the 
people  of  Mergui. 

'  Report  on  Provincce  of  Yr,  Tnvoy,  And  Mcrgiii,  p.  30. 
'  Jour.  As.  Soc.  Dcngnl,  Vol.  Xli,  |),  296. 
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Upper  Burma.— According  to  Dr.  Oldham,  the  principal  site  of 
the  manufacture  of  ii'on  ore  of  Upper  Burma  is  at  Puppa,  an  extinct 
volcano,  lat.  20°  56'  3U',  long.  95'  45',  which  has  been  described  by 
Mr.  W.  T.  Blanford,*  who  states  that  the  ore  occurs  in  upper  tertiary 
coTiji^lomerates  of  tl»e  fossil  wood  group.  He  did  not  see  the  furnaces  in 
ojKTation,  but  states  that  their  form  was  unlike  that  of  any  with  which  he 
was  acquainted  in  Lidia ;  and  he  adds  that  to  the  best  of  his  belief  they 
were  quite  peculiar  in  producing  iron  without  the  aid  of  any  artificial 
bket  whatever. 

The  iron,  though  mixed  with  slag  and  charcoal,  proved  when  refined 
to  be  of  excellent  quality,  and  it  was  in  this  neighbourhood  that  a  large 
proportion  of  the  iron  used  in  Upper  Burma  was  manufactured.  The 
kachcha  iron,  according  to  Dr.  Oldham,  was  in  1855  sold  at  the  rate  of 
8  to  10  tikals  {£  1  to  £  1-5)  per  100  visa  (  =  365  lbs.)  according  to  quan- 
tity.    The  loss  in  conversion  varied  from  26  to  40  per  cent. 

The  other  sources  of  iron  were  at  Maedoo,  north  of  Shue-bo-myo  and 
in  the  Shan  States.  The  imported  British  iron  was  thought  not  to  exceed 
5  per  cent,  of  the  total  consumption.  Steel  had  to  be  brought  from 
China  or  British  Burma,  as  its  manufacture  was  not  understood. 

Dr.  Anderson's  account*  of  the  use  and  production  of  iron  in  the 
countries  bordering  Upper  Burma,  is  full  of  interest,  more  especially  his 
allusions  to  the  use  of  the  metal  for  suspension  bridges. 

According  to  Major  Strover*  the  King  of  Burma  hafl  resolved  in 
1873  to  utilise  the  ores  to  the  west  of  Sagaing,  near  the  Irawadi,  Machi- 
nery for  a  foundry  had  been  ordered  from  England,  and  two  Engineers 
were  already  on  the  spot  awaiting  itfi  arrival  in  order  to  commence  opera- 
tions.   This  project  has  apparently  not  beeu  carried  out. 

Iron  Ochre. — ^To  the  earthy  varieties  of  the  hajmatites  the  names 
red  and  yellow  ochre  are  applied.  Their  occurrence  abundantly  in  India 
is  an  almost  necessary  consequence  of  the  abundance  and  wide  distribu- 
tion, not  only  of  iron  ores  but  of  laterite,  which,  though  always  containing 
iron,  is  not  generally  called  an  ore  of  iron,  except  when  the  ferruginous 
matter  is  comparatively  pure  and  a  high  percentage  of  iron  is  included. 
Such  being  the  case,  any  attempt  to  convey  an  idea  of  the  actual  locali- 
ties in  India  where  ochre  is  to  be  found  would  involve  an  amount  of 
detail,  even  were  full  information  available,  which  would  hardly  be  war- 
ranted by  the  importance  of  the  subject,  and  for  which  there  is  not  space 

>  Joar.  Aa.  8oc.  Bongal,  Vol.  XXXI,  p.  219;  Manual,  Part  11.  \\  725;  and  Vcicf% 
Metallurgy  of  Iron  nud  Steel,  p.  270,  with  plntw. 

'*  Ezp«tliUoii  lo  Yuiuui.  pp.  159.  188,  100,  3U,  34i,  Ac. 
'  Indian  Econouiiil,  Vol.  V,  p.  II. 
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availttble.  It  ia  to  be  understood  thorofore  tbat  tbe  following  cases  are 
representative  naerely,  and  that  no  attempt  is  ma^le  to  eiHimorate  all  tbe 
localities  where  the  natives  procure  tliese  mineral  pigments,  which  they 
call  generieallj  gern^  for  the  adurnmeut  of  the  walls  of  houses  and  huts 
and  for  various  other  purposes. 

Madras. — llie  decomposed  ores  of  iron  in  many  parts  of  Madras  are 
largely  used  by  the  natives  as  pigments.  At  Trivandpuram,  in  Trichino- 
poli,  a  yellow  ochre  is  obtained  from  tbe  cretaceous  rtjcks.  After  grind- 
ing and  levigation  it  yields  a  gooti  pigment,  which  is  often  used  by 
Hindus  to  make  the  caste-marks  on  their  foreheads. 

Promising  sources  of  pigment  are  said  to  be  visible  in  road  cuttings 
6n  the  Nilgiris.  These  owe  their  origin  to  the  decomposition  of  highly 
ferruginous  gneiss.* 

Bengal. — The  Rajmahal^  and  Kharakpur  hills  alToj'd  varieties  of 
gem  from  rocks  of  different  ages,  for  which  there  is  a  small  demand  by 
the  people  in  the  neighbouring  alluvial  tracts ;  but  the  trade  is  believed 
to  be  a  very  small  one  and  is  probably  still  less  so  in  Chutia  Nagj)ur. 
Neither  general  statistics  nor  detailed  information  on  the  subject  are 
available, 

Oontral  Provinces. — Ochreous  deposits  are  found  in  several  of  the 
districts  of  the  Central  Provinces  and  have  been  worked  for  a  long  time 
by  the  natives.  There  is,  moreover,  now  in  the  Jabalpur  district  a  factory 
for  the  preparation  of  mineral  paint,  which  has  attained  a  wide  reputation 
and  is  extensively  used  throughout  India. 

Raipur  District. —  Red  ochre  of  good  quality  is  said  to  be  obtained 
in  quarries  at  Mandaupur  and  Thakurtohi,  towards  the  west  of  this  dis- 
trict.* 

Balaghat  District. — In  the  Salitikri  hills,  in  this  district,  ger»  or  red 
ochre  is  obtained,*  and  is  used  for  dyeing  the  clothes  of  particular  castes  of 
people  and  also  for  colouring  houses.  Mr.  Wilkinson  *  states  that  the 
same  substance  is  obtained  at  Seukeindan,  in  the  Larihoe  bills,  but  these 
names  do  not  appear  in  the  Central  Provinces  Gazetteer,  and  it  is  uncer- 
tain to  what  modem  British  district  they  should  be  referred. 

Jabalpur  District. — In  the  account  of  the  iron  ores  at  Jauli,  it  has 
already  been  mentioned  that  the  paint  prepared  by  Mr.  W.  G.  Olpherts 
is  made  by  grinding  the  ore  to  an  impalpable  powder  by  means  of  grind- 
stones worked  by  small  water-wheels.     The  powder  is  packoil   in   bags 

«  BUnford,  H.  F.     Mem..  G.  8.  L.  Vol.  IV.  p.  214;  nud  Vol.  1  p.  237. 
«  Op.  cit.,  Vol.  XIII,  p.  163. 

*  Coutml  Proviuccfl  Adminiatnition  Report,  1861<C2,  p.  123. 

*  Central  Provtncca  GHxottecr,  p.  18. 
»  Cd.  Jour.  Nat.  Uwt.,  Vol.  Ill,  p.  2lK). 
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and  sells  i-etail  at  the  rate  of  £13  a  ton.  Its  value  in  the  London  market 
was  £9-10  a  ton.  It  has  proved  to  be  the  cheapest  paint  in  the  Indian 
market ;  it  lies  smoothly  on  wood  or  iron  and  has  been  successfully  used 
against  damp  on  porous  tiles,  bricks,  and  plaster.  It  is  now  used  by  the 
principal  Rail  and  Steam-ship  Companies,  and  it  has  stood  a  practical  test 
on  the  metal  work  of  the  principal  bridges  in  India ;  it  has  been  found 
most  useful  on  the  inside  of  boilers. 

In  the  preparation  of  one  cwt.  of  paint,  ready  for  use,  the  foUowiflg 
components  are  required  : — 

Dry  oxido  of  iron 65}  lbs. 

Lineeedoil H  gaUoM. 

The  addition  to  the  oil  of  one-fourth  its  weight  of  common  bazaar 
reein,  dissolved  in  the  oil  by  a  gentle  heat,  renders  the  colour  more  brilliant 
and  histinff.  Three  lbs.  for  a  first  coat  and  two  lbs.  for  a  second  are  sufli- 
cient  to  cover  100  superficial  feet  on  the  average. 

Ghanda  District. — Ochreous  earth  is  stated  to  be  abundant  in  this 
district.  In  the  year  1S43  it  sold  at  the  rate  of  15  seers  for  the  ruf»ee, 
while  the  red  ochre  above  mentioned  sold  at  the  rate  of  25  seers  for  a 
rupee. 

Bombay  Cutch. — Some  highly  ferruginous  beds  of  the  sab-num- 
mulitic  series  yield  an  ochre  which  is  quarried  for  export.* 

Sikkim. — A  yellow  earth  from  Sikkim,  which  was  forwarded  by 
Dr.  Campbell,  was  found  by  Mr.  H.  Piddington  to  be  an  impure  ochreous 
earth.     It  was  stated  to  be  used  by  natives  as  a  cure  for  goitre,' 

Burma. — According  to  the  Revd.  F.  Mason,''  there  is  a  fine  bank  of 
red  ochre  near  Kallioung,  on  the  Tavoy  river.  It  is  also  found  on  the 
Great  Tenasserim. 

Iron  Pyrites  or  Pyrite :  General  RomarkB. — This  ore  of  iron, 
which  is  the  sulphide  or  sulphui-et  of  iron,  is  widely  distributed  throughout 
formations  of  very  different  ages  in  India.  It  occurs  in  quartz  reefs  aaso- 
ciated  with  the  ores  of  other  metals,  and  often  with  metallic  gold.  These 
tjuartz  reefs  may  be  cither  in  the  raetamorphic  or  submetamorphic  rocks. 
Iron  pyrites  is  found  in  slaty  rocks  of  different  ages,  and  occasionally  in 
limestones ;  its  presence  in  the  coal,  both  of  the  peninsular  fields,  and  in 
those  of  tertiary,  cretaceous,  and  Jurassic  ages  in  the  extra-peninsular 
areas,  often  proves  highly  injurious  to  these  coals  as  has  already  been  men- 
tioned. Spherical  masses  of  firmly  compacted  cubical  crystals  of  pyrites 
are  found  in  the  extra-peninsular  tertiary  rocks,  as  for  instance  in  the 

«  Wynne,  A.  B.    Mem.,  O.  8.  U  Vol,  IX,  p.  90. 
»  Jotir.  An.  Soc.  Bengal.  Vol.  1\\,  p.  143. 
'  Natural  Producttona  of  Burma,  |).  4^. 
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nummulitic  rocks  of  Sind ;  and  they  may  in  aome  places  be  collected  in 

quantity  where  they  have  been  weatherod-out  from  the  soft  rocks:  not 
unfretiuently  they,  though  retaining  the  form,  are  no  longer  in  the  condi- 
tion of  sulphides  owing  to  alteration  by  oxidation.  In  the  account  of 
Sulphur  (Chapter  III),  several  localities  are  mentioned,  where  natural 
deposits  of  sulphur  are  formed  by  this  process. 

At  Mudauur,  in  the  Surapur  taluk  in  the  Deecan,  Mr.  Foote  states 
that  iron  pyrites  occurs  in  tolerable  abundance  in  some  of  the  Bhinia 
limestones.  He  adds  that,  according  to  Colonel  Meadnws  Taylor,  the 
manufacture  of  sulphur  used  to  be  carried  on  there. 

According  to  some  writers,  iron  pyrites  is  abundant  in  several  of  the 
districts  of  the  Madras  presidency,  where  it  is  said  to  be  called  Soorna' 
wyoX'y,  or  rather  *o«^«aH-/,  a  term  which  is,  however,  properly  applicable 
to  copper  pyrites.  It  has,  however,  still  to  be  demonstrated  whether  it  is 
anywhere  sufficiently  abundant  to  possess  an  economic  importance.  That 
supplies  of  iron  pyrites  are  not  easily  acoessible  in  some  part^  of  India 
may  be  gathered  from  the  fact  that  it  is  imported  into  Calcutta  from 
Arabia,  where  it  is  obtained  on  the  surface  and  in  the  beds  of  rivers. 

In  the  Calcutta  market,  where  it  is  called  Icangamookeyt  the  wholesale 
value  is  said  to  be  from  Rs.  6  to  Rs.  10  per  maund.  It  is  used  as  a  drug, 
and  IS  prepared  for  that  purpose  by  being  burnt  four  or  five  times  with  cow- 
dung,  after  which  it  is  ground  up  and  administered  by  native  practitioners 
as  a  tonic  in  fever. 

Iron  Sulphate :  General  Remarks, — The  green  vitriol  or  copperas 
of  commerce,  which  is  known  to  the  natives  as  kahi  and  kara  laaU,  is  pro- 
duced principally  from  the  so-called  alum  shales,  the  preparation  of  aUira 
from  which  will  be  described  in  Chapter  IX.  As  is  the  case  also  with 
alum,  copperas  is  found  sometimes  as  a  natural  exudation  upon  alum 
shales  and  other  rocks  which  include  iron  p^Tites. 

This  native  copperas  goes  by  several  different  names  in  India,  accord- 
ing  to  the  nature  of  the  other  substances  with  which  it  is  combined. 

Behar. — ^lu  the  year  I8Ji3,  Mr.  J.  Stevenson'  published  an  analysis 
of  a  native  sulphate  of  iron  obtained  from  Behar^  which  was  at  that  time 
used  by  the  native  dyerd  of  Patna. 
He  found  that  it  consisted  of — 

Iron    siilphato 39*0 

„     peroxido   .         . 
MugnoBia  .         . 

Loss  ....  .        . 


Total 
*  Mem.,  0.  9.  I.,  Vol.  Vin,  ()  131. 
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Mr.  Mallet  *  states  that  the  Bijigarh  shales,  which  belong'  to  the 
Kaimur  group  of  the  Vintlhyan  series  yield,  in  moist  corners  sheltereJ 
from  the  rain,  a  thick  efflorescence  of  sulphate  of  iron,  which  is  collected 
and  exported  to  a  trifling  extent.  The  copperas  works  at  Kasianwan,  to 
the  north  of  Rotas,  which  have  been  alluded  to  on  pag-e  £56,  doubiless 
drew  their  material  from  rocks  of  this  age  in  that  neighbourhood.  The 
native  alum  or  talajit,  which  was  also  obtained  from  these  rooks^  will  be 
mentioned  in  the  next  chapter. 

It  may  be  taken  generally  as  a  fact  that  the  distribution  of  iron 
eulphate  corresponds  with  that  of  the  alum-shales,  so  that  it  is  needless 
here  to  give  the  details,  which  will  be  found  in  the  next  chapter.  In 
various  parts  of  the  Punjab,  dyes  ore  prepared  from  impure  mixtures  of 
alum  and  iron  sulphate.' 

Iron  Phosphate  t  Gteneral  Remarks. — The  hydrous  iron-phoa- 
phate,  otherwise  called  vivianite,  occurs  in  modified  oblique  prisms  which 
are  dichroic,  ap^Kiaring  green  at  right  angles  with  the  vertical  axis  and 
blue  parallel  to  it.  An  earthy  variety,  called  blue  iron-eai-tb,  is,  however 
perhaps  the  most  common  form  in  which  the  mineral  occurs.  Traotb 
of  it  are  sometimes  found  iu  fossils,  especially  in  those  of  the  bones  of 
vertebrates ;  and  the  so-called  bone  turquois  or  odontolite  used  to  be  made 
in  many  places  by  subjecting  fossil  bones  impregnated  with  iron  to  the  fire. 
Mr.  Prinsep*  suggested  that  a  supply  of  this  artificial  gem  may  have 
found  its  way  into  Persia  through  Balkh.  Under  the  name  eXe^ot^ 
cpuxTog  the  same  substance  was  alluded  to  by  Theophrastus.  Vivianite 
is  slUo  stated  to  be  sometimes  deposited  in  living  vegetable  tissue,  the 
result,  perhaps,  of  a  reaction  taking  place  between  iron  carbonate  and 
lime  phosphate. 

Under  the  name  mineral  indigo,  some  of  this  substance  from  Assam 
was  described  in  the  year  1843,*  and  for  this  reason  it  is  mentioned,  but 
as  it  is  insoluble  in  water  and  oil,  and  is  easily  decomposed  by  heat,  it  is 
not  likely  to  be  of  much  use  as  a  pigment.  It  has  been  observed  by  Mr. 
Medlicott*  in  Nepal  in  a  phosphatic  clay,  which  occurs  there  in  some 
abundance  and  is  used  as  a  manure. 


»  Jour.  As.  Soo.  BengiU,  Vol.  II,  p.  321. 
»  Wjuuo,  A.  U.    Mum,,  U,  8.  1.,  Vol.  XIV,   p. 
duct<i>  p.  66. 

*  Joiir  A«.  Soc.  Bengal.  Vol.  I,  p.  362. 

*  C«l.  Jour.  Ntit.  Hint..  Vol.  111.  p.  I5». 

*  fUcortb,  0.  8.  I.,  Vol.  VIII,  p.  100. 
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CHAPTER  IX. 


ALUMINIUM  AND  CERIUM  COMPOUNDS. 


COBDKDUK,  BtTBT,  8APPHIBX>  8PIMBL,  ALUM,  CBBIUlf. 

OotlTinmic— 0«ncml  Remarki.  Madrw— Travwjcore— CoimUtore — Salem— Mysore— Bel- 
lary— North  Arcot—Kistna— Hyderabad.  Bengal — Monglijr— Central  Proviiic*« — 
Rew&h— Ajrak— Kha»i  Ililla — Upper  Banna.  BirBT^-0«ne«U  Remarks — Upper  Bamw. 
BAPPHntB— Oeneml  Rouiarkii.  Spinbl— General  Rcnijirka — Afghanistan — Badak- 
■han — Burma.  ALnt— General  Remark*— Bchar—BjijpalAna—Cntch—Sind—Af* 
ghiiniBtJtn— Punjab— North- West  Provinces— Nepal— Assam— Burma.  TUBQCOiflS — 
Ocm-nil  fU'markjj.    CituirM— General  Remarks— MadnM— Nepal. 

Oonmdmn :  General  Remarks.— Corundam  when  pure  consista 
Bimply  of  alumina  or  the  Besquioxide  of  aliiminiiim.  Ordinarily  it  contains 
traces  of  lime,  silica,  and  magnesia.  In  hardness  it  comes  next  to  tiie 
diamond.  It  occurs  in  six-sided  prisms,  which  are  sometimes  very  much 
obscured  or  irregular,  more  commonly  it  is  found  massive  or  granular. 

Emery,  sapphire,  oriental  ruby,  oriental  topaz,  oriental  emerald, 
oriental  amethyst  and  adamantine  spar  are  names  given  to  the  different 
varieties  of  this  mineral.  The  first,  emery,  is  a  granular  alumina  with 
which  magnetic  iron  is  intermixed ;  the  others  are  transparent  crystals, 
variously  coloured,  and  are  well  known  as  gems. 

The  original  matrix  from  whence  these  stones  are  derived  is  invari- 
ably referable  to  the  older  crystalline  or  metamorphic  rocks,  and  the  gem 
sands  which  are  washed  in  the  principal  oriental  localities  where  these 
occur  are  generally  found  to  consist  of  the  detritus  of  neighbouring  rocks 

Since  the  name  corundum  is  derived  from  the  Hindi  word  kurand, 
it  is  most  probable  that  the  stone  first  became  known  in  Europe  from 
having  been  imported  From  India.  At  all  the  known  localities  in  India 
where  corundum  occurs  it  has  been  worked  by  the  natives,  and  there  is 
every  reason  to  believe  that  the  first  discoveries  date  back  to  very  early 
periods.  Most  of  these  localities  are  situated  in  Southern  India,  but  a 
very  important  deposit  exists  in  Rewah,  and  there  are  several  others,  regard- 
ing which  less  information  is  available,  in  other  parts  of  the  peninsula. 

The  uses  to  which  corundum  are  put,  when  powdered,  are  well-known. 
The  consumption  in  India  must  be  considerable^  though  possibly  it  was 
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larger  formerly  than  it  is  at  present,  as  the  trade  of  the  native  armourer 
is  i)erhap8  not  so  active  as  it  used  to  be.  A  large  qaantity  is  used  by  the 
cutters  and  polishers  of  stones,  both  precious  and  ornamental,  who  are  to 
be  found  scattered  thronghout  India.  To  what  extent  Indian  corundara 
is  used  in  European  countries  is  not  very  well  known,  but  it  could  doubt- 
less be  applied  to  many  of  the  purposes  for  which  the  emery  of  the  Greek 
islands  is  now  used,  and  which,  owing  to  a  monopoly  at  one  time,  reached 
the  high  price  of  £30  a  ton  in  London,  The  emery  of  commerce  Is  often 
much  adulterated  with  pounded  iron-slag,  garnet-rock,  &c. 

Madras:  Travancore  State. — According  to  Dr.  Balfour  ^conindnm 
in  limestone  from  Travancore  was  exhibited  at  the  Madras  exhibition. 
Nothing  further  is  known  as  to  its  mode  of  occurrence  or  abundance. 

Coimbatore  District.— Captain  Newbold  ^  mentions  a  report  that 
corundum  bad  been  obtained  at  Oudjellhutty  and  Cheunimully  in  this 
district. 

Salem  District. — Captain  Newbold  is  our  principal  authority  re- 
garding the  occurrence  of  corundum  in  the  Salem  district.  It  is  said  to 
be  foimd  in  gneiss  and  an  earth  resulting  from  the  decomposition  of  that 
rock  at  Nammaul  and  Viralimodos,  on  the  north  bank  of  the  Cauveiy  in 
the  Permutty  taluk  ;  at  Sholasigamany  in  the  Trichingode  talok  in 
great  abundance ;  at  Caranel,  Anpore,  Mallapollaye,  and  at  various  loca- 
lities up  the  river  Cauverj',  as  far  as  Coacorambadi,  where  it  had  been  dug 
up  by  the  natives  in  the  fields,  and  the  remains  of  the  excavations  were 
still  to  be  traced  in  Newbold^s  time.  He  states,  moreover,  that  rubies 
used  also  to  be  obtained  at  these  localities,  especially  at  Viralimodos  and 
Sholasigamany.  He  adds  that  previously  it  used  to  be  collected  and 
sent  to  the  western  coast.  Its  selling  price  was  from  50  to  100  pounds 
weight  for  a  rupee.  Captain  Campbell  *  also  gives  an  account  of  it.  He 
says  it  was  found  in  many  parts  of  the  Salem  district,  especially  near 
Indore  and  in  the  Permutty  taluk.  Two  kinds  were  found  by  the  natives 
when  ploughing  their  fields,  one  was  a  dirty  red  and  the  other  a  dark- 
gray  colour.  It  was  generally  crystalline,  but  had  a  foliated  structure 
and  frequently  included  metallic  looking  grains.  Dr.  Balfour  adds  to  the 
above  list  of  locahties  QopaulchettypoUiura,  50  miles  north  of  Salem, 
Yelaneegerry  and  Coundapady,  from  all  of  which  there  were  specimens 
in  the  Madras  Museum. 

Mysore  State. — The  first  mention  of  the  occurrence  of  corundum 
in  Mysore  appears  to  be  by  Captain  Newbold,  who  in  1840  described  the 

'  Selwtiona  from  Records,  Mtdru  Oovontiueut«  VoL  XXX IX,  p.  94. 
»  Jour.  Roy.  Am,  8oo.,  Vol.  VII.  p.  224. 
»  Col.  Jour.  Nat.  Hlat.»  Vol.  II,  p.  281. 
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mines  at  Golhushully  and  Kulkairi,  about  7  or  8  miles  east  by  north  from 
the  fort  of  Gram.''  In  a  subsequent  communicatioQ  he  gives  a  further 
account  of  the  same.' 

The  corundum  occurs  in  both  the  crystalline  and  amorphous  condi- 
tions in  more  or  less  decomposed  talcose  schists.  The  mines  from  which 
it  was  extracted  were  shallow  pits  in  these  rocks ;  it  was  separated  by 
the  miners  into  four  classes,  the  red,  .white,  scraps  of  both,  and  refuse. 
The  three  first  were  conveyed  to  Mangalore  and  TeUicherry,  and  were 
sold  to  Bombay  and  Arab  merchants  for  from  Rs,  12  to  30  per  kandy 
(=500  tbs»  ?)  according  to  quality.  According  to  the  natives  these  mines 
were  opened  about  the  year  1839. 

Other  localities  where  there  were  mines  are,  as  stated  by  Newbold, 
BiirkunhuUi,  Kundeo,  and  Yedgimkul  in  the  Chinraipatam  division ; 
Norhik  in  that  of  Narsipur;  Deysani  Curbonhully  in  that  of  Bannawam  ; 
Appianhully,  Beygoor,  Bunnercota,  Mundium  and  Perrauty  in  Mysore. 

Dr.  Balfour  mentions  Nullapardy,  Mundium,  Cuddoor  in  Nuggur ; 
Aroomully  in  Kankumhally  taluk,  and  the  French  Rocks  as  localities 
from  whence  samples  of  corundum  were  in  the  Madras  Museum. 

The  Mysore  Gazetteer  gives  the  following  list,  some  of  the  places  being 
obviously  identical  with  those  given  above,  though  differently  spelt :  Golar- 
halli,  near  Chanraypatna ;  Mandya  near  Seringapatam ;  Begur,  Banner- 
ghatta,  Bagepalli,  &c.,  in  the  Turivekere  or  Tarikere  taluk. 

Bellary  District :  Punyghek. — During  the  past  year  samples  of 
corundum  from  the  vicinity  of  Punjghee,  in  the  Hiudupur  taluk  of 
Bellary,  were  received  at  the  Geological  Survey  Office  from  Mr.  liammiell. 
Mr.  Mallet  describes  these  samples  as  being  of  a  sea-green  colour,  and 
having  some  white  felspar  and  mica  attached;  the  mineral  is  obtained 
from  small  pits,  6  or  7  feet  deep,  and  it  is  stated  that  several  thousand 
rupees  worth  have  been  exported  to  England.  The  local  price  varies 
from  Rs.  5  to  Rs.  7  per  100  seers  by  measure.  The  measure  contains 
about  88  tolas  or  t  lbs.  English  of  grain,  so  that  making  all  allowances  the 
corundum  would  weigh  perhaps  rather  more  than  three  times  as  much. 
The  price  would  therefore  he  from  Rs.  5  to  Rs.  7  per  COO  lbs, 

Mr.  Hammicll  states  [in  episL)  that  the  corundum  is  found  in  several 
parts  of  the  Madaksira  taluk,  as  well  as  in  Hindupur. 

North  Arcot  District. — Dr.  Balfour'  states  that  a  specimen  of 
clove-brown  corundum  of  good  quality,  labelled  as  being  from  the  Nagger/ 
hills,  was  included  among  the  specimens  at  the  Madias  Maseum. 

>  MiuLru  Jour,  of  Lit.  and  Bci.,  Vol.  XI.  p.  46. 

»  Jour.  Roy.  As.  Soc,,  Vol.  VII.  p.  219. 

'  tJelectious  from  R«cortlri,  (ioveruuieut  of  Madrtx,  No.  XXXIX,  p>  ^i. 
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Kistna  and  Godavari  District. — Samples  of  red  corandam  from 
Guntur  were  exhibited  at  the  Madras  exhibition  by  Mr.  Kohde,  who  con- 
eidered  that  portions  were  suitable  for  jewellery  and  that  the  remainder 
were  worth  from  £15  to  £20  a  ton.^ 

Hyderabad. — Dr.  Walker  ^  has  recorded  that  both  conindnm  and 
emery  are  found  in  the  streams  leading  from  the  Kunnigiri  hills,  in  the 
Kummum  Circar,  and  also  in  the.  Paluncha  country.  There  are  two  qua- 
lities, red  and  white,  of  which  the  laist  is  considered  to  be  the  hardest,  and 
is  most  esteemed  by  armourers.  Dr.  Balfour  states  that  there  were 
excellent  specimens  of  irregularly  crystalline  structure  forwarded  from 
Hyderabad  to  the  Ma<lras  exhibition. 

Bengal :  Monghyr  District :  Jamui. — Corundum  is  stated  to  occur 
in  the  hills  near  Jamui,*  and  Captain  Sherwill  in  his  geological  map  of 
Bengal  represents  it  as  being  found  somewhat  to  the  north-east  of  this 
locality.     But  there  is  no  further  information  on  the  subject. 

Central  Provinces.— In  the  Gazetteer  of  the  Central  Provinces  it  is 
stated  that  a  stone  known  to  the  natives  as  iurund,  the  common  name 
for  corundum,  is  found  in  many  parts  of  the  Upper  Godavari  district, 
especially  near  Bh.idrachellam.  In  the  year  1850  Dr.  Macintire*  of  Nag- 
pur  forwarded  to  the  Asiatic  Society  samples  of  corundum,  some  of  which 
were  said  to  have  been  quarried  at  a  locality  situated  at  a  village  named 
Pohora,  *'  60  miles  to  the  right  of  the  Kaipur  road."  It  is  presumed 
that  south  is  to  be  understood  for  right,  but  without  further  information 
it  would  be  nseless  to  attempt  to  identify  it  with  any  locality  of  similar 
name  on  the  map.  Mr.  Piddington  identified  the  samples  as  consisting 
of  white,  mottled,  and  black  corundum  associated  with  fibrolite. 

Rewah  State  :  Singrowli :  Pipra,  Lat.  23°  57' ;  Long.  82°  44'.— 
Tlie  fii-st  mention  of  the  occurrence  of  corundum  in  Singrowli  is  to  be  found 
in  a  paper  by  Dr.  Francis  (Buchanan)  Hamilton.^  The  information  he 
obtained  regarding  the  deposit  was  from  enquiries  made  at  Mirzapur  in 
the  year  1814.  Although  he  had  gone  there  in  the  hope  of  visiting  the 
mine,  he  was  prevented  from  doing  so.  The  chief  point  of  interest  in 
the  paper  is  the  testimony  which  it  alTords  of  a  considerable  tvalfic  being 
done  in  corimdum  at  that  period.  The  further  details  are  not  of  much 
importance  now,  since  we  possess  more  recent  and  accurate  informa- 
tion. 


'  Selection*  from  Record*.  Government  of  Madmi,  No.  XXXIX »  p.  90l 

*  Midnu  Jour,  of  Lit  and  Sci^  Vol.  XVI,  p.  187. 

*  Statisticul  Account  of  BcngiU,  Vol.  XV,  p.  31. 
«  Jour.  A*.  8oc.  Bengal,  YoL  XlX,  p.  489. 

»  £diii.  PbU.  Jour.,  Vol  II.  1820.  p.  906. 
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The  second  notice  of  these  mines,  dated  1845,  is  by  Captain  W.  S, 
Sherwill,  who  also  at  that  time  had  not  visited  the  locality.  He  states 
that  the  mines  were  worked  only  onoe  a  year  when  the  merchants  sent 
pack-cattle  to  bring  away  the  supply ;  whil<>  Dr.  Hamilton  mentioned 
the  eastern  parts  of  India  as  being  supplied  from  this  source.  Captain 
Sherwill  *  states  that  the  supply  of  the  greater  part  of  Western  India  went 
from  here.  The  recognised  varieties  of  corundum  were  distinguished  by 
the  following  names : — 

No.  1 — f^ulabi,  so  called  from  its  rose  colour; 
No.  2 — Mat»uria,  resembling  in  colour  the  massur  dal^  a  pea  or  lentil ; 
No,  8 — Bhaka^  of  varied  colours  ; 
No.  4 — Telia,  resembling  in  colour  the  ieli  seed; 
No.  5 — Impure,  mixed  with  mica; 
No.  6 — Very  impure,  mixed  with  fibrolite. 
Captain  Sherwill  mentions  a  current  belief  that  the  rock  in  this  mine, 
by  permission  of  its  guardian  spirit,  assumed  the  condition  of  corundum 
for  only  one  day  in  the  year;  this  was  evidently  an  ingenious  way  of 
keeping  up  the  price  of  the  article.     As  a  preliminary  to  operations  u 
kid  is  sacrificed  to  propitiate  the  spirit  of  the  mine  according  to   Mr, 
Mallet. 

In  1872,  and  again  in  1873,  Mr.  Mallet*  published  accounts  of  visit* 
to  this  mine  which  is  situated  on   a  hill   between  Pipra  and  Kadopaui. 
The  section  of  this  hill  from  north  to  south  is  as  follows  :— 
{a.)  White  quartz  schist. 

[b.)  Hornblende  rock  passing  into  jade,  a  few  yards  thick. 
(<?.)  White  tremolitic  quartz  schist  breaking  with  a  fibrous  fi*acture. 
(</.)  White  and  green  jade,  including  some  purple  corundum  and 
containing  euphyllite  and  schorl.     The  colouring  matter  of 
the  jade  is  clearly  the  same  as  that  of  the  mica,  oxide  of 
chromium,     c  and  d  are  about  equal  in  thickness  to  b. 
(tf.)  Bed  of  corundum,  several  yards  thick.     It  is  a  reddish,  sometimes 
purple  or  gray,  rock  almost  compact  and  crystalline  in  texture 
and  containing  emerald-green  euphyllite  and  sometimes  schorl 
and  diaspore  in  the  seams. 
(/I)  Porphyritic  gneiss  with  hornblende  rock.     The  corundum  does 
not  appear  to  be  in  direct  contact  with  the  gneiss,  but  it  is 
within  a  few  feet  of  it,  the  intervening  space  being  obscured. 
The  supply  of  corundum  is  considered  by  Mr.  Mallet  to  be  prac- 
tically inexhaustible.     The  bed  at  its  apparent  maximum  is  30  yarda 

»  Jour.  An.  Soc,  Bengal.  Vol.  XIV.  Proc,,  p.  15. 

«  Kccord*.  a.  S.  I.,  Vol.  V,  p.  JJO  ;  and  Vol.  VI,  j..  43. 
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thick,  bot  it  may  be  more  aod  it  ia  ixacahie  for  about  half  a  mile.  Large 
bloeka,  two  to  three  tona  in  weight,  broken  from  the  outcrop,  are  strewn 
over  the  hiO.  Before  1871,  for  five  or  six  jean,  the  mine  had  not  been 
worked  owing  perhaps  to  a  glut  in  the  market^  but  in  that  year  125  bullock^ 
loads,  or  13^  tons,  were  taken  away;  the  price  is  Rs.  2-8  for  7  maunds 
(of  40  seers), or  18  shillings  per  toB«  Its  excessive  hardness  makes  it 
difficolt  to  mine,  but  by  lighting  fires  where  it  is  jointed  and  heaving  other 
pieces  at  the  places  where  it  has  become  brittle,  the  qaarrymen  manage 
to  obtain  fragments. 

To  the  irregular  jointing,  rather  than  to  any  impurity,  Mr.  Mallet 
attributes  the  rather  curious  fact  that  this  very  hard  rock  does  not 
form  any  prominent  physical  feature. 

The  emerald-green  mica  which  occurs  with  this  corundum  is  shown 
by  Mr.  Mallet  to  be  almost  exactly  identical  with  eu[»hyllite,  which 
occurs  in  a  similar  association  at  Uuionville  in  Pennsylvania. 

Ajmir.— The  so-called  prismatic  corundum  found  in  Ajmir  is  merely 
alluded  to  here  to  prevent  any  mistake.  It  will  be  described,  so  far  as 
there  is  any  information  on  the  subject,  under  the  more  appropriate  head- 
ing of  Beryl  (Chapter  XIV). 

Khasi  Hills :  Nomgrywibw. — ^A  hone-stone  received  from  the  Khasi 
hills  was  found  on  examination  by  Mr.  Mallet  to  consist  of  corundum. 
**  It  is  a  finely  granular,  light-gray  or  grayish-white  rock,  containing 
microscopically  minute  specks  of  a  translucent  dark-red  mineral.  It 
scratches  topaz  with  ease.     The  specific  gravity  is  «i'93. 

Colonel  Shcrer,  to  whom  reference  was  made  for  further  information 
as  to  the  locality,  states  that  Nongryniew,  where  the  stone  is  found  loose 
on  the  surface,  is  situated  two  days'  journey  to  the  north-west  of  Nong- 
sioin,  the  capital  of  a  petty  Khasi  State  in  lat.  Zb"  31',  long.  91°  20'. 

On  this  information  Mr.  Mallet  has  remarked ^  that  "as  the  edge 
of  the  hills  to  the  north-west  of  Nongstoin  is  about  30  miles  from  that 
place,  and  within  15  miles  of  the  Bhramaputra,  it  would  appear  that  the 
locality  where  the  corundum  is  found  cannot  be  very  far  from  the  edge 
of  the  hills,  and  that  it  ia  within  a  day  or  two's  journey  from  the  river 
for  carts  or  laden  animals.  If,  therefore,  the  stone  occurs  iu  large  quaJi 
tity— *a  point  respecting  which  no  information  is  available — ^it  is  worth 
attention  commercially." 

Burma. — As  might  be  expected,  pebbles  and  crystals  of  ordinary 
corundum  are  found  in  the  ruby  mines  of  Ava  which  are  described 
below.* 


'   Recotda,  0.  8.  I..  Vol.  XII.  p.  17«. 

>  Kt!V.  F.  MiUKtri.     NalunU  PruJutrtious  of  Burma,  p.  SO. 
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Ruby :  General  Remarks.^Thc  true  orientol  ruby  is  distiogruishod 
from  the  different  varieties  of  spinel-ruby  by  its  composition,  bardnessj 
and  crystalline  form.  In  composition  and  hardness  it  is  identical  with  cor- 
undum, being  merely  the  clear  red-col ourod  crystalline  variety  of  alumina ; 
the  crystalline  corundums  having  other  colours  are  variously  named,  ne 
hafi  already  been  stated.  The  colour  is  due  to  the  presence  of  metallic 
oxides.  One  per  cent,  of  oxide  of  iron  has  been  determined  by  analysis 
to  occur  in  the  ruby,  together  with  0*5  per  cent,  of  lime.  The  ruby  is 
only  inferior  in  hardness  to  the  diamond,  and  when  of  large  size,  of  g^ood 
colour,  and  free  from  flaws,  it  is  even  more  valuable  than  the  diamond. 

According  to  Captain  Newbold,  aa  stated  on  a  previous  page,  rubies 
used  to  be  found  in  the  corundum  mines  of  the  Salem  district,  and  Dr. 
Clarke  *  says  that  coarse  rubies  were  brought  to  him  from  the  mines  of 
Mysore.  Rubies  were  said  by  Lieutenant  Kittoe  '^  to  have  been  obtained 
in  the  Mahauadi  river  between  Cuttack  and  Samlmlpur,  but  it  is  not 
improbable  that  what  were  really  found  were  garnets. 

As  rubies  occasionally  occur  in  Ceylon  together  with  Bapphires,  the 
discovery  of  either  or  both  in  many  parts  of  India  would  not  be  surpris- 
ing. In  the  extra-peninsular  regions,  however,  are  situated  the  most 
famous  ruby  mines  in  the  world,  from  which  the  chief  part  of  the 
stones  now  in  use  have  in  all  probability  been  supplied. 

Upper  Burma. — Although  it  is  commonly  said  that  no  Europeans 
are  ever  allowed  to  visit  the  ruby  mines  of  the  King  of  Burma,  there  are, 
as  a  matter  of  fact,  two  descriptions  by  Europeans  who  have  viaited 
them.  The  first  was  by  the  P<5re  Guiseppe  D'Amato,*  the  date  of  whose 
visit  is  not  known,  but  it  was  before  the  year  183S.  The  other  visitor 
was  Mr.  Bredmeyer,  who  about  twelve  years  ago  was  for  a  time  actually 
iu  charge  of  certain  mines  (not  the  principal)  which  are  within  IG  miles 
of  Mandalay.  He  may  have  also  been  at  the  other  mines,  but  that  does 
not  appear  from  his  manuscript  description. 

Kyat-pyen. — This  place  is  situated  about  70  miles  to  the  north-east 
of  Mandalay.  It  is,  according  to  the  P^re,  surrounded  by  nine  mountains 
which  surround  seventeen  small  lakes.  The  mineral  district  is  divided 
into  fifty  or  sixty  parts,  each  having  n  distinct  name.  Mining  was  only 
carried  on  in  the  soil  above  water  level.  Square  pits  were  dug  down  to  a 
depth  of  20  to  30  feet,  and  the  detrital  gem-gravel,  which  is  obtained  in 
beds  of  various  thicknesses  and  extent,  was  drawn  to  the  sui-face  and 
washed  j  lateral  galleries  from  these  shafts  were  sometimes  driven,  but  th© 

>  Madfw  Jour,  of  Lit.  and  Sci,.  Vol  IX,  p.  121. 
'  Jour.  Aa.  8oc.  Beiijml,  Vol.  VHI,  p.  873. 
»  Idtm,  Vol.  II.  p.  75. 
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influx  of  water  soon  caneed  the  sLaft  to  be  relinquished  and  a  new  one 
opened.  Besides  rubies,  sapphires,  topaz,  and  oriental  emeralds  were  also 
found;  spinel  is  almndant.  All  stones  above  a  certain  weight  were  sup- 
posed to  become  the  property  of  the  King^,  but  some  were  smuffgled 
away.  Chinese  and  Tartar  merchants  were  in  the  habit  of  visiting 
iCyntpyen  yearly.  Another  locality  where  there  are  mines  is  situated  a 
little  further  north  at  Mookop,  which  seems  to  be  the  same  as  Mogouk, 

Dr.  Oldham/  though  he  was  prevented  from  visiting  the  mines 
himself,  was  enabled  to  collect  some  additional  information  when  at 
Mandalay.  He  states  that  the  rubies  are  generally  small^  not  averaging 
more  than  a  quarter  of  a  rati  in  weight.  The  large  ones  are  commonly 
flawed,  and  Mr.  Spears  had  never  seen  a  perfect  one  weighing  more  than 
half  a  rupee.  Sapphires,  though  relatively  rare,  are  generally  of  larger 
size — stones  of  10  to  15  ralis  without  a  flaw  occurring — while  rubies  of 
that  size  are  seldom  seen.  The  revenue  from  the  mines,  which  are  a  royal 
monopoly,  amounts  to  from  £12,500  to  £15,000  a  year.  The  lapidaries 
who  polish  the  stones  live  at  Amarapura ;  they  make  use  of  the  small 
mbies  when  pounded  to  grind  the  large  ones,  forming  the  fine  dust  into 
cakes  upon  which  they  polish  the  gems. 

The  actual  extent  of  country  over  which  the  gem  sand  occurs  is  not 
known,  but  it  may  be  100  square  miles  or  more. 

Sagyin  Hills. — Mr.  Bredemeyer  states  that  the  mines  nearest  to 
Mandalay  are  16  miles  from  thence  and  2  from  the  Irawadi.  The 
mountains  there  are  of  limestone  or  marble  covered  with  red  clay  and 
decayed  calc-spar ;  they  have  a  fractured  appearance  throughout,  and  the 
hollows  are  filled  with  detritus,  out  of  which  rubies,  sapphires,  spinels, 
and  amethysts  are  obtained  by  washing.  Where  this  detritus  is  of  a 
yellowish  colour  the  stones  are  best ;  with  a  proper  system  of  working, 
which  would  necessitate  drainage  of  the  mines,  Mr.  Bredemeyer  thinks 
these  hills  would  yield  largely. 

According  to  Captain  Strover,*^  the  rubies  from  this  locality  are  lighter 
coloured,  and  therefore  less  valuable  than  those  in  the  mines  further  to 
the  north. 

It  is  evident  from  the  above  that  the  system  of  mining  in  practice 
at  all  the  mines  is  very  primitive ;  but  it  does  not  follow  that  much 
deeper  mining  would  be  requisite,  as  beyond  the  limits  of  the  layers  of 
gem  sand,  which  have  a  capricious  distribution,  stones  would  probably 
not  be  found,  A  considerable  number  of  stones,  some  of  them  l>eing 
spinel,  are  brought  to   Burma  for  sale.    The  topaz  being  somewhat 

*  Colonel  Yule's  Mbiion  to  Ava  in  1855,  p.  317* 
'•  «  lodian  Economut,  Vol.  V,  p.  1^ 
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Bcarce  is  said   to  sell   for  higher  prices  in  Banna  than  it  would  in 
England. 

Sapphire :  General  Remarks. — As  with  the  ruby  so  also  with 
the  sapphire,  the  reported  cases  of  its  discovery  in  peninsular  India  seem 
to  be  open  to  question.  Thus  one  authority  speaks  of  sapphire  ^  or 
kyanite  as  thoagh  they  were  convertible  terms,  and  in  some  cases  it 
would  seem  that  amethyst  or  blue  quartz  has  been  mistaken  for  sapphire. 
A  statement^  that  sapphires  have  been  found  at  the  gold  washings  in 
the  Upper  Godavari  requires  confirmation. 

In  extra<peninsular  India,  in  the  Kulu  district  of  the  Punjab,'  sap- 
phires are  reported  to  have  been  seen  in  iiiu  in  the  rock,  but  no  stones 
appear  to  have  been  ever  brought  from  thence  ;  this  appears  to  have  been 
a  singular  act  of  self-denial  on  the  part  of  their  discoverer.  This  report 
also  certainly  needs  confirmation. 

In  Burma,  sapphires,  as  has  been  above  stated,  occur  with  the  rubies 
in  the  same  mines.  They  are  generally  larger  than  the  rubies-,  but  in  Mr. 
Spear's  opinion,  as  quoted  by  Dr.  Oldham,  they  are  found  in  much  less 
numbers,  the  proportion  being  as  1  to  501),  In  Ceylon  the  exact  con- 
verse appears  to  be  the  rule,  rubies  being  of  rare  occurrence.  White 
sapphires,  which  have  been  mistaken  for  diamonds,  have  also  been  found 
in  these  Burmese  mines.  The  oriental  emerald  is  merely  a  green  sapphire ; 
it  is  harder  than  the  true  emerald,  which  is  a  green  beryl. 

Spinel  or  Balas  Ruby :  General  Remarks. — The  spinel  ruby  dif- 
fers from  the  true  oriental  (corundum)  ruby  in  composition  by  containing 
a  varying  percentage  of  magnesia,  and  the  magnesium  is  occasionally  re- 
placed by  iron,  calcium,  manganese,  or  zinc.  The  mineral  thei-efore  in- 
cludes many  varieties,  some  of  which  are  opaque  and  unsuitable  for  jewel- 
lery. The  spinel  ruby  is  distinguished  from  the  conmdum  ruby  by 
being  of  inferior  haidness  and,  when  ciystalline,  by  its  octohedral  form. 

Inhere  is  little  or  no  information  as  to  the  occurrence  of  flic  spinel  in 
peninsular  India.  Its  occurrence  in  Mysore  has  been  asserted,  but  appa- 
rently requires  authentic  conlirmation.  There  are  several  countries  beyond 
the  confines  of  peninsular  India  where  the  balas  ruby  has  been  reguJarly 
mined  for,  and  of  these  the  following  are  the  princi|>al. 

Afghanistan. — In  the  year  1879  the  so-called  ruby  mines  of  the 
late  Amir  of  Afghanistan,  Shir  Ali,  which  are  situated  near  the  village 
of  Jagdalak  in  Kabul,  were  visited  by  Major  Stewart  of  the  Guides. 
Two  specimens  of  the  stones,  called  yukut  by  the  natives,  and  samples  of 


•  Dr.  Walker.     Madms  Jonr.  of  Lit.  uid  ScU  Vol.  XVI,  i».  186. 

'  Ceutrttl  Froviucftt  Ctiu«ttcvr,  i»,  $06. 

•  J.  Ci»lv«rt.     Kulu,  p.  &1. 
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the  matrix,  were  forwarded  to  the  office  of  the  Geological  Survey  for 
examination.  The  stones  proved  to  be  spinel,  and  the  matrix  a  crys- 
tftUine  micaceous  limestone.  Major  Skwart'  states  that  the  Amir  kept  a 
strict  guard  over  the  mines  and  only  allowed  particular  friends  of  his 
own  to  work  them. 

BadakshaD. — The  balas  ruby  mines  of  Badakshan  are  situated  on 
the  banks  of  the  Shighnan,  a  tributary  of  the  Oxus.  They  have  beea 
known  by  reputation  for  very  many  centuries,  and  the  name  balas  is 
derived  from  Balakshau,  another  form  of  writing  the  name  of  the  country 
or  from  Baikh  the  capital  town.*  This  may  possibly  be  the  origin  of  the 
common  mistake  made  in  English  works  on  precious  stones,  namely,  that 
these  mines  are  situated  in  Bulochistan  I  Marco  Polo  states  that  in  hij 
time  the  mines  were  wholly  in  the  hands  of  the  King,  who  kept  up  the 
value  of  the  stones  by  only  jjcrraitting  a  limited  number  to  be  exported. 
Colonel  Yule  ^  remarks  upon  this  that  the  monopoly  has  been  continued 
to  the  present  day.  When  Murad  Beg  of  Kunduz  conquered  Badakshaa 
he  was  so  disgusted  with  the  poor  outturn  of  the  mines  that  he  aban- 
doned working  them,  and  the  population  of  the  neighbourhood  were  sold 
as  slaves.  In  1866  the  reigning  Mir  had  one  of  the  mines  opened  at  the 
request  of  Pundit  Manphul,  but  without  much  result.  Wood,  in  1837, 
attempted  to  visit  these  mines  but  failed ;  however,  he  gives  a  short 
account  of  them.  The  matrix,  he  states,  is  a  red  sandstone,  or  a  limestone 
largely  impregnated  with  magnesia ;  most  probably  it  is  a  limestone,  as 
such  appears  to  be  the  usual  matrix.  The  galleries  were  easily  made 
and  numerous,  but  the  frequent  influx  of  water  caused  much  trouble. 

Upper  Burma. — It  is  stated  that  a  large  proportion  of  the  rubies 
which  are  sold  in  Burma  are  really  only  spinel,  this  mineral  appai'ently 
occurring  also  in  the  already  described  gem  sands.  When  the  crystalline 
form  is  obscure  the  two  stones  may  be  distinguished  either  by  their 
hardness,  specific  gravity,  or  their  refractory  powers.  Although  of  less 
value,  the  spinel  rubies  are  largely  used  in  jewellery. 

The  Rev.  F,  Mason,*  who  gives  some  interesting  information  on  this 
subject,  states  that  he  had  a  stone,  which  every  native  who  had  seen  it, — 
and  some  of  them  are  very  good  judges  indeed, — supposed  to  be  a  true 
oriental  ruby  or  red  sapphire,  but  its  crystalline  form — a  regukr  octohe* 
dron — showed  it  to  be  a  spinel. 

He  states  that  the  dark-blue  or  blackish  vai'iety  of  spinelle  cEklled 
ceylonite  or  pleonaste  is  offered  for  sole  by  the  Shaus  under  the  sami) 

»  Prog.  Aa.  8oc.  Bcngn],  1880.  p.  4. 

•  Priiisep  J.    Jour.  A».  Soc.  Bengal.  Vol.  T,  p.  359. 
»  Travels  of  Marco  Polo,  Vo!.  I,  p.  152. 

*  Joumcj  to  thu  Oxui,  p.  315. 

>  Natuxnl  IVoductioni  of  BuniiA,  p.  27. 
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name  as  sapphire.  Gem  sand  containing  small  fragments  of  garnet,  beryl , 
and  spinel,  together  with  the  more  precious  stones,  is  a  regular  article  of 
inercbaudise  with  the  Shans.  Three-fourths  of  the  mass  consists  of 
spinel.  Purchasers  may  rest  assured  that  the  valuable  stones  have,  as  a 
rule,  been  all  removed  by  the  wily  Shans. 

Alum:  General  Remarks. — Tlie  hydrous  aluminum  sulphate  sel- 
dom occurs  pure,  a  portion  of  the  alumina  being  generally  replaced  by 
potash,  soda,  ammonia,  magnesia,  or  iron,  so  forming  a  group  of  alums 
which  have  different  compositions.  As  a  rule  these  may  be  regarded  as 
secondary  products,  since  they  result  from  the  decomposition  of  pyrites 
by  oxidation  under  the  influence  of  heat  and  moisture,  and  the  liberated 
sulphuric  acid  combines  with  the  above-mentioned  bases.  Tlius  it  is 
that  shaly  beds,  containing  pyrites,  throw  out  an  efflorescence  of  these 
salts  when  exposed  to  the  atmosphere,  and  this  is  availed  of  by  the  native 
manufacturers  of  alum,  who,  as  will  be  seen,  have  discovered  that  it  is 
necessary  to  supply  a  second  base,  and  therefore  add  nitre  to  the  liquor. 
Iron  sulphate  may  be  regarded  as  a  by-product  obtained  during  the 
process. 

Alum  shales,  so  called,  are  of  rare  occurrence  in  peninsular  India, 
and,  so  far  as  is  known,  the  only  considerable  native  manufacture  is 
situated  in  Rajputana;  but  as  will  be  gathered  from  what  follows,  the 
tertiary  rocks  of  the  extra-peninsular  regions  often  contain  such  shales. 

In  two  localities  lumps  of  alum,  the  result  of  concentrated  exudation, 
occur  naturally  in  sufficient  abundance  to  be  a  regular  article  of  export. 
Alum  is  principally  used  as  a  mordant  in  dyeing,  but  as  a  drug  its 
employment  is  extensive  in  India. 

Behar.— Captain  Sherwill  in  18't6  •  stated  that  a  small  quantity  of 
alum  was  manufactured  from  slates  obtained  in  the  district  of  Shahabad  ; 
these  rocks,  it  is  believed,  belonged  to  theBijigarh  pyritous  shales  of  the 
Kaimur  group  of  the  Vindhyan  series. 

The  alum  was  sold  at  the  high  price  of  one  rui>ee  per  tola  ;  it  was 
identical  with  the  salajit  of  Nepal,  descril>ed  on  a  following  page  and 
was  highly  esteemed  as  a  drug.  Copperas  or  iron  sulphate  is  obtained 
in  the  same  region,  which  is  situated  to  the  north  of  Rotasgarh,  and  to 
the  west  of  the  Sone  {vide  Chapter  VIII), 

Rajputana,  Khetri,  and  Singhana. — In  connection  with  the  copper 
mines  at  the  above  locahties  there  are  manufactories  which  turn  out 
considerable  quantities  of  blue  vitriol  (copper  sulphate),  copperas  (iron 
Bidphate),  and  alum.  The  process  has  been  very  fully  described  and 
illustrated  by  Colonel  Brooke.*    In  186-4  there  were  twenty  of  these 

'  Jour.  Ad.  800.  Benpal.  Vol.  XV,  p.  58. 
>  O//,  ct/.,  V..1.  XXXIII,  p.  525. 
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factories  at  Khetrl  and  about  double  the  number  at  Sing-hana.  The  broken 
abale  from  the  mine  which  contaixis  the  salts  is  placed  in  earthen  gharctM, 
together  with  the  crust  from  the  refuse  heaps  of  previous  lixiviations,  and 
wat«r  is  added.  The  gharoi  are  arranged  on  ledges  prepared  for  the  pur- 
pose on  the  heaps  of  refuse,  as  will  be  seen  by  reference  to  Plate  No.  X. 

Each  charge  of  shale  is  exposed  to  three  changes  of  water,  and  the 
water  itself  is  changed  from  one  ghara  to  another  till  it  has  taken  up  the 
sulphates  from  seven  different  steepiugs.  It  is  then  of  a  thick  dirty- 
bluish  colour,  and  is  taken  to  the  boiling-house,  where  it  is  boiled  in 
earthen  g haras ;  when  sufficiently  concentrated  it  is  left  to  cool,  and  thin 
sticks  being  introduced  the  blue  vitriol  crystallizes  on  them.  Th« 
mother  liquor  is  then  poui*ed  off  and  again  boiled,  and  on  the  addition  of 
saltpetre  the  alum  crystallizes  at  the  bottom  of  the  vessel.  The  residual 
sulphates  still  in  solution  are  allowed  to  crystallize  out  by  expoeing  the 
mixture  to  the  sun. 

Seven  to  eight  maunds  of  shale,  with  an  equal  quantity  of  the  refuse, 
on  which  the  exposure  has  caused  the  salts  to  crystallize  out  on  the  sur- 
face, yielded  four  seers  of  blue  vitriol,  four  seers  of  alum,  and  20  seere  of 
mixed  and  impure  sulphates,  including  copperas  or  iron  sulphate.  The 
selling  prices  per  maund  are  for  the  first  Rs.  14-,  for  the  second  Ra.  4, 
and  for  the  third  Re.  1.  Colonel  Brooke  gives  an  estimate  of  the  cost  of 
production,  from  which  it  would  appear  that  it  is  not  a  very  profitable 
trade.  The  Raja  claims  one-sixth  of  the  gross  produce  as  his  royalty. 
Mr.  Hacket'  states  that  large  iron  vessels  are  sometimes  used  for  boiling 
down  the  liquor,  and  records  tliat  Mr.  Mallet  found  traces  of  nickel 
and  cobalt  in  all  these  products. 

Cutoh. — There  are  niimerous  accounts  of  the  manufacture  of  alani 
in  Cutch.  The  earliest  is  by  Captain  McMurdo,  who  states  that  before 
1818  the  export  of  alum  amounted  in  some  years  to  several  hundred 
thousand  maunds,  which  chiefly  went  to  Guzerat  and  Bombay  to  be 
employed  in  dyeing.  The  following  account  by  Mr.  Wynne*  is  the  most 
recent  and  complete.     The  site  of  the  operations  is  at  Mhurr  or  Madh, 

The  rock  contAiuiog  the  materials  is  a  pyritous  dark-gray  or  black 
shale,  which  is  in  close  association  with  a  soft  aluminous  pseudo-breccia 
of  the  sub-nummulitic  group. 

This  shale  is  excavated  from  pits  and  mines  during  the  rains,  and 
is  exposed  for  four  months,  a  slow  combustion  taking  place  owing  to  the 
decomposition  of  the  pyrites. 

**  It  is  then  spread  in  squares  resembling  salt  pans  and  sprinkled 


•  Roooni*.  O.  a  I.,  Vol.  XIII.  p.  246. 
'  Mom.,  G.  S.  1.,  VoL  XI,  p.  Btt. 
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with  water.  After  about  12  days  it  consolidates  into  efflorescing'  inain* 
millated  crystalline  plates  or  crusts  called  phitkari'ka'bijy  or  seed  of  alura. 
Tliese  crusts  are  boiled  in  large  iron  vessels  (luted  inside  with  lime) , 
together  with  saltpetre  (or  other  potash  e:ilt),in  the  proportion  of  15  of 
the  '  alura  seed '  to  6  of  the  latter  j  when  it  has  settled  the  liquor  is  placed 
in  small  earthen  vessels  somewhat  the  shaf^e  of  (lower-pots,  and  crystal- 
lization takes  place  in  three  days.  These  crystals  are  again  boiled  one 
or  more  times  to  concentrate  the  solution,  which  is  finally  ladled  into 
large  thin  bl udder-shaped  earthen  mulkax  or  ffharas  with  small  mouths; 
these  are  sunk  into  the  ground  to  prevent  their  breaking,  and  in  five 
duys  the  alum  is  found  crystallized  in  masses.  The  vessels  are  then 
broken  and  the  alum  is  stored." 

Alum  is  also  manufactured  from  the  water  of  a  hot  spring  north  of 
Mhurr.  The  impure  saltpetre,  which  is  employed  to  supply  the  second 
b&so  in  the  above-mentioned  manner^  is  obtained  by  lixiviation  of  village 
refuse. 

In  the  year  1867  the  outturn  of  alum  in  Cuteh  was  about  291"  tons, 
but  subsequently  the  demand  ceased  altogether.  This  was  attributed 
to  the  State  having  mismanaged  the  monopoly,  to  competition  in 
Bombay  with  Chinese  and  English  alum,  and  to  the  Cutch  alum  being 
discoloured  and  giving  a  tinge  of  colour  to  cloth.  According  to  an 
assay  by  the  Chemical  Examiner  to  Government,  it  would  appear  to  be 
really  purer  than  what  is  generally  imported,  containing  only  13  per  cent. 
of  impurities,  and  yielding  10'73  per  cent,  of  alumina,  or  only  U'12  per 
cent,  less  than  the  theoretic  quantity.  The  State  monopoly  having  been 
removed,  and  an  improved  system  of  working  having  been  suggested,  it 
is  hoped  that  the  industry  may  revive.  Mr.  Pearson  has  calculated  that 
for  every  5G0  pounds  of  alura  4,000  pounds  of  alum  earth,  360  pounds 
of  potash  salts,  and  240  pouuds  of  fuel  are  required,  and  of  labour,  5  men 
for  Al  days  at  a  daily  wnge  each  of  about  one  sbilling.* 

Sind. — Several  accounts  of  Siud  allude  to  the  fact  that  alum  is  or 
has  been  manufactured  by  the  natives,  but  there  does  not  appear  to  l>e 
any  published  desc^ription  of  the  actual  process  which  is  employed.  Mr. 
W.  T.  Blanford'  states  that  it  is  reported  to  consist  merely  in  a  rude 
lixiviation  of  certain  pyritous  shales  found  in  the  Gaj,  Ranikot,  and  Nan 
groups.  The  potash  required,  it  is  suggested,  is  procured  from  the  ashes 
of  plants.  Several  places  were  seen  where  the  manufacture  had  been 
carried  on. 

It  is  probable  that  at  many  places  in  the  countr}-  on  the  Hunks  of 


'  BoinlMiy  Qiuftttfcr,  Vol.  V,  p.  19. 
a  Mein.,  G.  S.  1.,  Vol.  XVII,  p.  195. 
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the  Suleman  range,  where  so-called  alum  shales  are  known  to  exist,  the 
manufacture  is  carried  on  to  some  extent. 

AftfhEimstan.— According  to  Captain  Hutton'  the  alum  used  in 
Southern  Afghanistan  was  chiefly  imported  from  various  directions,  but. 
an  inferior  quah'ty  was  jirepared  in  Zamindwar. 

Punjab  :  Bannu  District :  Kalabagh,  Lat.  34'  58';  Long.  71'  38' 
^The  manufacture  of  alum  at  Kalabagh  was  formerly  an  industry 
of  some  importance.  It  has  been  descnbed  by  Drs.  Jameson*  and 
Fleming,  ^  and  the  following  is  derived  from  a  r^urnd  of  their  inform- 
ation by  Mr.  Wynne.*  A  layer  of  brushwood  is  spread  on  the  ground, 
and  upon  it  alternate  layers,  each  about  a  foot  thick,  of  alum  shale  and 
brushwood  are  placed  to  a  height  of  20  or  30  feet.  The  heap  is  ignited 
from  below,  and  fresh  layers  are  added  as  before.  This  is  left  burning 
for  several  months,  and  then  the  thoroughly  burnt  shale  or  rol  is  lixivi- 
ated  in  vats  with  water.  The  liquor  is  then  drawn  off  and  allowed  to 
deposit  sediment.  It  is  subsequently  boiled  with  an  impure  alkaline 
salt  called  jamsan,  which  is  obtained  by  lixiviation  from  knlUr  or  reh  ; 
which  probably  coutains  a  mixture  of  salts  of  soda  and  potash.  The  liquor 
is  then  allotred  to  settle  and  slowly  crystallize,  the  crystals  being 
removed,  washed,  dried  and  melted  in  iron  pans  in  their  own  water 
of  crystallization.  The  fluid  is  then  transferred  into  earthen  ovoid  jars 
for  eight  or  ten  days  to  re-crystallize ;  after  this  time  the  mass,  which  is 
geucniUy  hollow,  is  tapped,  and  the  imcrystallized  alum  solution  drained 
off,  when  the  jars  are  broken  and  the  alum  is  ready  for  sale. 

The  industry  appeare  to  have  fallen  off  of  late  years.  In  1878,  when 
visited  by  Mr.  Wynne,  no  alum  was  being  made  at  Kalabagh,  and  at 
Chichali  there  was  only  one  kilu  at  work. 

Salt-range. — The  manufacture  of  alum  is,  accoi-dingto  Mr.  Wynne,* 
no  longer  carried  on  in  any  part  of  the  Salt-range.  Formerly  it  was 
made  at  Virgal,  on  the  Son  Sakesar  plateau,  and  also  beneath  Sakesar 
inountuin  at  the  head  of  the  Amb  glen.  In  both  these  places  a  black 
shale  at  the  base  of  the  nummulitic  limestone  afforded  the  material. 

North- West  Provinces :  Kumaun  District. — Pyritous  shalos 
occur  in  different  parti?  of  Kumaun,  esjieci ally  near  the  village  of  Jak,  on 
the  road  from  Naini  Tal  to  Khairna.  There  is  no  m.anufacture  of  alum 
earned  on  at  present  so  far  as  is  known,  but  the  natural  alum  or  taiaJU 
is  collected  for  medicinal  purposes. 

•  Oil.  Jour.  N»t.  Hint.  Vol.  VI,  p.  603. 

s  Jour.  Ak.  Soc.  Bengal,  Vol.  Xll.  p.  212. 

»  Op,  cil..  Vol.  XVII,  p.  622. 

'  Mom.  G.  S.  1.,  Vol.  XIV.  p.  301  i  and  Vol.  XVII,  p.  93* 

*  Op.  cit.,  Vol  XIV,  p.  501. 
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Nepal. — A  more  or  less  pure  native  alnminium  sulphate,  wTiieb  if 
found  in  Nepal,  is  widely  known  as  a  drug"  under  the  name  of  salajit,  as  has 
been  mentioned  in  the  account  of  Behar.  Two  papers  on  the  suhject  by 
Mr.  Stevenson  and  Dr.  Campbell  respectively  appeared  ia  1833.  *  The 
former  gives  a  description  of  a  sample  which  be  purchased  at  the  high 
rate  of  a  rupee  for  two  rupees  weight ;  it  wasio  small  brownish -white  luttips 
with  ascmi-crjstalline  structure  internally.  It  consisted  of  95- per  cent, 
of  aluminium  sulphate  with  3  per  cent,  of  iron.  Dr.  Campbell  remarked 
Ufiou  this  that  the  averag^e  qualities  of  salajit  contained  only  alwut  60 
per.  cent,  of  aluminum  sulphate. 

The  mineral  was  found  throufrliout  the  lower,  central,  and  upper  bills 
as  an  exudation  upon  soft  rocks,  and  was  sometimes,  according  to  report, 
obtained  in  their  substance.  It  was  believed  to  be  obtainable  in  consi- 
derable quantities,  thougli  the  price  at  Katmandu  was  from  Rs.  11  to 
Rs.  15  per  maund.  Sold  as  a  drug  in  India,  whore  it  was  used  as  a  speci- 
fic for  a  number  of  diseases,  both  internal  and  external,  its  price  was 
purely  fanciful.  That  it  really  occurs  in  Nepal  anywhere  in  sutRc.ient 
quantities  to  ho  of  commercial  importance  is  improbable,  but  doubtless 
the  rocks  from  which  it  exudes  might  by  lixiviation  be  made  to  yield  a 
supply.  Dr.  Campbell  alludes  to  a  so-called  black  salujU  as  being 
probably  a  bituminous  substance. 

Assam. — Associated  with  the  coal-measures  in  Upper  Assam  there 
are  pyritous  shales,  and  it  has  been  suggested  by  Mr.  Mallet  *  that  if  any 
considerable  quantity  was  raised  incidentally  in  the  coal -mining,  it  might 
be  profitable  to  use  it  in  the  manufacture  of  alum  and  coppera-s.  Alum 
exudations  or  salajit  are  sometimes  col]ecte<i  here  too  by  the  natives. 

Burma.— Although  it  is  not  improbable  that  alum  shales  occur  in 
several  parts  of  Burma,  it  does  not  seem  that  they  have  hitherto  attracted 
much  notice.  According  to  the  Rev.  F.  Mason,^  a  clay  slate  in  tha 
valley  of  the  Tenasserim,  about  40  miles  below  Mahtah,  at  the  forks, 
is  a  source  of  alum.  In  1802  Dr.  Brandis  reported  his  \liscovery  of 
alum  shales  in  the  Yoonzaleng  district  in  Martaban.* 

Tm-quoise :  Greneral  Remarks.— The  hydrous  aluminum  phosphate 
or  calaitc,  otherwise  known  as  turquoise,  may  be  mentioned  here,  though 
its  oc^urrenoe  in  India  is  doubtful.  Mr.  Priusep''  from  the  preiieuce  of 
certain  blue  streaks  in  the  copper  ores  of  Rajauri  in  Ajmir,  suggested 
the  possibility  of  turquoise  being  found  there.    Subsequently  Dr,  Irvine" 

'  Jour.  Aa.  8oc.  Hong*).  Vol  II.  pp,  821,  4S2,  Mid  606. 

»  Mcin.,  G.  S.  1.,  Vol  XJT,  p.  361. 

'  Natural  PrLMlnctionR  of  Barmn.  p,  33. 

*  Ailnimiitrution  lU'port  of  KritiAli  BiiniMi  for  1861 -GZ.  p.  30. 
'  Jour.  Am.  SiH'.  RcuRal,  Vol.  IV.  p.  584. 

•  Topoprnpliy  of  Ajtuir,  p.  162. 
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stated  that  it  was  reported  to  be  fonnd  in  the  Ajmir  hills  and  at  Ratn|?arh 
in  the  Shekhwati  country,  and  wag  used  for  rings,  but  it  seems  possible 
that  this  was  really  a  variety  of  blue  copper  ore  which  Prinsep  called  a 
urquo  ise  copper  ore.  There  has  been  no  recent  recorded  discovery  of 
turquoise  in  this  reg-ion. 

The  principal  known  turquoise  mines  in  the  world  are  at  Ansar,  near 
Nishapur  in  Khorasan  in  Persia,  to  which  Tavernier  alluded  under  the 
name  Michebonrg. 

Cerium  :  General  Remarks. — The  claims  of  cerium  and  its  ores 
o  be  includedi  n  this  account  ai'e  at  present  very  slender,  their  employ- 
ment for  any  useful  purpose  being  limited  to  the  preparation  of  several 
medicines.  The  following  contains  the  whole  of  the  information  which 
is  available  as  to  the  distribution  of  ores  of  cerium  in  India. 

Madras  :  Karnul  District  i  Gazalpullt— In  the  year  1846  Captain 
Newbold  forwarded  to  the  Asiatic  Society  a  s{)ecimcn  of  what  he  believed 
to  be  an  ore  of  cerium  which  was  obtained,  as  has  been  mentioned  in 
Chapter  VII,  in  the  lead  mine  at  GazalpuUy.  Its  appearance  waa 
descrilied  as  follows :  * 

"  A  light-reddish  and  fawn  to  pea<jh-coloured  matrix,  which  has  some- 
times a  glimmering  lustre  like  that  of  lepidolite,  hardness  about  6,  but 
often  hard  enough  to  strike  fire  with  steel  where  it  appears  to  pass  into 
chei-t,  which  also  appears  in  the  vein  stuff.  The  fracture  is  evenly  granular, 
inclining  to  splintery,  streak  faint  pink  or  reddish-white,  opaque."  Mr, 
Piddington  describes  in  detail  his  examination  ;  he  detcrraiued  it  to  be  a 
triple  carbonate  of  iron,  lime  and  cerium  mixed  with  galena  and  traces  of 
other  substances.  He  was  doubtful  as  to  its  having  a  delinite  composition. 
There  docs  not  appear  to  be  any  available  information  as  to  the  abundance 
of  this  mineral. 

Under  the  somewhat  vague  title,  *  mineral  du  Coromandel,'  a  substance 
taken  from  India  by  M.  Leschenault  was  mentioned  by  Beudant  in  his 
'  Ti:aite  de  Minoralogio.'  It  has  Ijcen  analysed  by  M.M.  Laugier  and 
Damour,''  and  the  latter  has  identiiied  it  with  a  mineral  from  the  Ural 
mountains,  which  has  been  named  Tcheffkinit©,  and  which  ia  a  silicio- 
titanate  of  cerium,  iron,  lime,  manganese  and  magnesia.  Itjis  possible  that 
the  mineral  obtained  by  Mr.  Leschenault  may  have  been  from  Captain 
Newbold's  locality. 

Nepal.^-An  account  of  a  mineral  called  nepalitc  han  been  given  on 
page  273.  According  to  Mr.  Piddington  it  contained  04  percent.  <«r 
oxide  of  cerium.' 

•  Jour.  A*.  Soe.  Dongal,  Vol.  XV%  p.  liii. 

'  BiUt     Sue.  (ieol.  Krnnrc,  2  >mt,  XIX,  p.  B&O. 

J  Jour.  As.  Sue.  Bengal,  Vul.  XXUI,  p.  173, 
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CHAPTER  X. 

MAGNESIUM   COMPOUNDS. 

EP80MITB— MAO HBSITK— TALC— STBATTTE,  4c,— MSIJISCHAUM— SBBPIMTTrrB. 

SpSOmrB — Qeneral  Renwrki— Punjab.  MAOirMrTB^-Oeneral  Remarlu— Miidnui— B«]«oi. 
Stiatitb,  Ac.  Taic— General  Reioarka — Madras — Mysore— Hvdorflbad—^rijaa 
Bengal—  Chatia  Nagpur— Ceiitrnl  Froriueea — Berar— Rajputana — Uoialmy— ArgUatiia- 
taa— Nortb-Waat  ProvinoM^BhaUa-^Bamia.  MBBESCUAtTM— 0«i<«rnl  Roaurlu. 
Seupbhtitb — Oeoeral  Remarks — Mttdras— Bengal — Paojab  —  Baroui — AndatoAn 
I«laada. 

Epsomite:  Qeneral  Remarks.— This  mineral,  better  known  as 
epsom  salts  or  sulphate  of  magnesia,  is  found  as  an  efllorescence  on  mag- 
nesium limestones  and  gypeum,  and  io  solution  in  the  waters  of  mineral 
springs.  Its  name  is  derived  from  the  springs  at  Ejtsom,  wbieh  were  dis* 
covered  more  than  250  years  ago  and  attained  a  considerable  fame.  The 
salts  of  commerce  are  mostly  artitically  manufactured  either  from  sea- 
salt,  from  magnesian  limestones^  or  from  magnesite  by  treatment  with 
sulphuric  acid. 

Besides  the  well-known  medicinal  uses  to  which  epsom  salts  are  put 
they  are  said  to  be  sometimes  used  to  give  weight  to  cotton  cloth>  and  it 
is  therefore  not  improbable  that  the  actual  imports  of  the  substance  into 
India  are  more  considerable  than  would  seem  from  the  customs  returns 
under  the  heading  of  drugs.  Doubtless  epsomite  is  to  be  found  as  aa 
efflorescence  ia  many  parts  of  India,  being  an  occasional  constituent  of 
reh  (see  Chapter  XII),  but  its  occurrence  appears  to  have  been  described 
only  in  Spiti. 

Punjab :  Lower  Spiti. — In  Lower  Spiti,  in  connection  with  consider- 
able deposits  of  gypsum  and  arragonite,  Mr.  Mullet^  mentions  the 
occurrence  of  a  plentiful  efflorescence  of  epsomite  on  the  black  slates 
which  have  affordetl  the  materials  from  which  the  other  minerals  have 
been  formed.  By  collection  and  lixiviation  of  the  fragments  of  elate  a 
considerable  supply  might  easily  be  obtained. 

Salt-range  t  Mayo  Mines. — Under  the  name  kieserite  a  hydrous 
magnesium  sulphate  has  been  made  known  as  occurring  mixed  with 
sylvine  (potassium  chloride)  in  a  lenticular  deposit,  from  2  to  3  feet  thick^ 

'  Mom^  a.  S.  I.,  YoL  Y,  p.  160. 
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in  the  Mayo  salt  mines.  Fiftoen  maunds  of  this  mixture,  an  analysis  of 
which  will  be  given  on  a  future  page,  was  collected,  but  so  far  as  is 
known  no  more  has  since  been  met  with.  The  discovery  was  made  by 
Dr.  Warth.^ 

Magnesite :  General  Remarks. — This  mineral  is  well  known  as  eai*- 
Ixinate  of  magnesia.  It  generally  occurs  in  veins  associated  with  other 
maguesian  rocks,  such  as  serpentine,  dolomite,  &c.  Its  medicinal  uses, 
under  the  name  magnesia,  do  not  need  to  be  described ;  when  found  abun- 
dantly it  is  used  in  the  manufacture  of  Epsom  salts,  as  has  b^en  already 
stated. 

The  principal  known  deposit  of  magnesite  in  India  is  in  the  Salem 
district  of  the  Madras  presidency.  According  to  Lieutenant  Ochtisr. 
lony,  it  also  occurs  in  Trichinopoli,  Coimbatore,  and  Mysore,  and  accord- 
ing to  Newbold  in  Nellora 

Madras:  Salem  District:  Salem. — The  principal  magnesite  deposit 
occupies  an  area    of    about   8  or   10  square   miles,   which  is   situated 
4  miles   to  the   north-west  of   Salem.     It   is  said   to  have   been   first 
discovered   by  Dr.   Heyne;   but   in  1825   it   was  specially  brought  to 
the   notice  of   the  Madras  Government  by  Dr.  Macleod,  who  proposed 
its  employment  as  cement.     Some  years  later  he  was  rewarded  by  re- 
ceiving a  gift  of  Rfi.  8,000  from  the  Com|)any   in  acknowledgment  of 
what   was   then   believed   to  be   a  discovery   of  great  importance  and 
value.     There  are  a  number  of  papers  which  describe  the  appearances 
presented  by,   and  the  characteristics  of,  this  magnesite,  but  the  most 
complete  early  account  of  it  was  given  by  Captain  Newbold.*    Sub- 
sequently, the  area  was  examined  by  the  Geological  Survey,  and  Messrs* 
King  and  Foote/  in  their  report  on  the  districts  of  Tnchinoix)li,  Salem, 
fcc.,  enter  very  fully  into  a  description  of  its  mode  of  occurrence,  and  they 
also  discuss  the  question  of  its  origin. 

The  magnesite  occurs  in  veins  which  are  situated  in  fissures  travers- 
i  ng  not  only  magnesian  rocks,  such  as  talcose  and  chloritic  schists,  but 
also,  though  less  abundantly,  certain  homblendic  rocks  which,  where  this 
is  the  case,  present  an  altered  and  earthy  ap|>earance.  The  aspect 
presented  by  the  two  tracts  which  are  included  in  the  above-mentioned 
area  of  magnesite-tra versed  rocks  is  most  peculiar,  as  the  veins  stand  out 
in  relief,  and,  owing  to  their  crossings  and  reticulations,  look  like  a  solid 

»  Conf.  R«o..  O.  S.  I.,  Vol.  VII.  p.  Gi;  «o(l  Mem.,  0.  S.  I..  Vol.  XIV.  p.  8a 
'  ChI.  Jour.  Nat.  Hist.,  Vol.  II.  p.  284. 
»  Jour.  Roy.  An.  Soc.,  Vol.  VI 1,  p.  lUl. 
*  Wtrm.,  0.  S.  I.,  Vol.  IV,  p.  312. 
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network  gtretched  over  the  surface.  When  freshly  broken,  or  washed  by 
rain,  the  magnesitc  is  generally  of  a  dazzling  white  colour,  otherwise  the 
colour  is  a  subdued  or  du'ty  gr^y.  The  veins  are  eoroetimes  £  to  3  feet 
thick,  but  are  geuvrally  much  less.  Chalcedony  often  occurs  very  intimate- 
ly interspersed  and  coating  the  surface,  upon  which,  too,  crystals  of 
quartz  are  sometimes  to  bo  seen.  Fibrous  serpentine  or  cbrysotile  is  found 
rarely,  andj  as  has  already  been  stated  in  Chapter  VIII,  masses  of  chromite 
or  chromic  iron  ore  exist  in  sufBcient  abundance  to  have  been  at  one  time 
mined  for.  Talc  is  present  in  some  parts  of  the  deposits,  but  no  silicate 
of  magnesia,  of  the  character  of  meerschaum,  has  yet  been  noticed,  nor  is 
there  any  record  of  jade  having  been  obtained  in  connection  with  the 
hornblende  or  amphibole  rocks,  though  the  occurrence  of  either  or  both  of 
these  might  perha])6  be  expected. 

In  the  western  extension  of  the  area  there  is  a  band  of  potstone 
onaltcrod,  and  it  is  suggested  that  an  impure  serjientinous  rock,  in  which 
a  large  number  of  the  magnesite  veins  occur,  is  merely  the  altered  condition 
of  this  potstone,  the  alteration  having  been  affected  by  hot  acidulated 
springs,  which  first  dissolved  a  portion  of  the  magnesia,  and  then  deposited 
it  in  veins,  as  the  carbonate,  and  with  it  the  iron  chromate,  the  chromio 
acid  in  which  may  have  come  from  a  distant  source. 

Messrs,  King  and  Foota  mention  a  number  of  other  localities  in  both 
the  Salem  and  Trichinopoli  districts,  where  minor  deposits  of  magnesite, 
presenting  local  differences,  occur.  For  the  details  the  reader  is  referred  to 
their  report.  No  fossils  have  been  found  in  the  magnesite,  and  the  only 
index  of  age  is  afforded  by  the  fact  that  the  spring  sites  and  the  deposit 
generally  have  not  been  affected  by  marine  denudation,  so  that  the  form- 
ation is  subsequent  in  time  to  the  period  when  the  cretaceous  rocks  of 
Trichinopoli  were  upheaved.  At  the  same  time,  since  some  of  the  deposits 
occur  at  a  higher  level  than  the  cretaceous  rocks  it  is  conceivable  that 
they  may  date  back  to  an  earlier  time. 


Talc— Steatite  :  General  Remarks. — ^Talc  is  a  magnesium  silicate 
in  which  a  portion  of  the  magnesium  is  often  replaced  by  iron. 
The  so-called  talc  of  commerce  and  of  popular  parlance  is  really  mica, 
a  wholly  distinct  mineral.  There  is  no  difficulty,  generally  speaking,  in 
distinguishing  them,  for  while  both  are  flexible,  mica  alone  is  elastic. 
The  greasy  feel  and  pearly  Instre  of  talc  further  serve  to  distinguish  it. 
The  foliated  varieties  of  talc  are  inapplicable  to  the  purposes  to  whidi 
mica  is  principally  applied.  In  the  form  of  talcose  schists  or  potstonos, 
and  when  massive  in  the  form  of  steatite,  soapstone,  or  potstone,  talo 
is  applicable  to  a  variety  of  useful  purposes. 
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Owing  to  the  wide  distribution  of  the  varieties  of  talc  throughout  the 
metaraorphic  rocks  which  occupy  so  extended  an  area  in  India,  it  would 
be  impossible,  except  with  the  expenditure  of  a  very  considerable  amount 
of  space,  to  give  a  detailed  account  of  all  that  is  known  on  the  subject 
he:'e.  It  is  to  be  understood,  therefore,  that  the  following  does  not  ex- 
haust all  that  might  be  said  on  the  subject,  but  that  it  is  to  be  taken  as 
representative.  The  references  will  enable  those  who  require  local  inform- 
ation to  turn  to  the  orifjinal  soiu-ces  where  it  can  be  obtained. 

Madras ;  SaJem  District :  Tandagoundknpolliam. — A  bed  of  com- 
pact steatite  is  largely  worked  as  a  potstone  at  this  locality,  and  great 
quantities  of  plates,  bowls,  &c.,  arc  manufactured  and  are  exported  as  far 
as  Tanjore,'  Vessels  of  this  and  similar  materials  are  used  for  culinary 
purposes,  especially  by  high-caste  Hindus,  throughout  India,  although 
they  cost  much  more  than  earthenware  vessels.  The  properties  they  pos- 
sess, and  which  commend  them  specially  for  this  purpose,  are  that  they 
do  not  communicate  any  impleasant  taste  to  food  as  do  unglazed  earthen- 
ware vessels,  and  that  they  will  stand  great  heat,  so  that  they  can  not 
only  be  used  for  cooking  but  can  be  purified  by  fire,  a  matter  of  no  slight 
importance  to  the  class  mentioned. 

The  manufacture  of  a  similar  potstone  is  also  canned  on  at  Zerma- 
putty,  a  village  near  the  end  of  the  valley  sejmrating  the  Kolymullays 
from  the  Tullamullays.  The  vessels  are,  it  is  stated,  fashioned  with  rude 
t^ols,  and  it  is  to  be  presumed  finished  in  primitive  lathes  ajs  is  the  custom 
elsewhere. 

Captain  Campbell  ^  alludes  to  the  common  occurrence  of  steatite  in 
the  schistose  rocks  of  Salem  ;  it  was  used  to  make  j>encils  for  writing  on 
slates ;  at  Shoragamally,  north-west  of  Salem,  it  was  quarried  and  made 
into  vessels  of  various  shapes. 

Mysore. — Numerous  localities  in  Mysore,  where  there  were  potstone 
quarries  in  the  early  part  of  the  century,  are  mentioned  by  Dr.  Buchanan .^ 
Not  only  was  the  stone  used  in  the  manufacture  of  vessels  but  as 
a  building  stone  in  temples  and  palaces.  Some  varieties  bore  the 
nfime  pradma  ctdler,  or  image  stone,  being  chiefly  used  for  carving  into 
idols.  According  to  the  **  Mysore  and  Coorg  Gazetteer,'' the  material  for 
the  famous  carvings  on  the  temple  at  Halebid  was  obtained  from  potstone 
quarries  in  the  Hussan  and  Belur  taluks. 

The  so-called  blackstone  of  Mysore  has  been  supposed  to  be  a  hom- 
blendic  rock,  and  Buchanan  mentions  that  some  of  the  potstone  ap|)eared 

»  W.  Kingrand  B.  B.  Foote.   Mem  .  O.  S.  I.,  Vol  IV,  pp.  384, 871. 

2  Cmlc.Jour.  Niit.  HiKt.,  Vol.  VI.  p.  213. 

'  Juuruojr  Uiroajfb  Mysore,  &c.,  Vol*.  11  muU  III. 
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to  him  to  be  more  nearly  allied  to  honiblcnde  rock.  But  Newbold*  has 
descril^ed  it  as  consisting  of  a  black  talcose  paste  with  numerous  crystals 
o£  magnetite.  It  takes  a  beautiful  polish,  and  has  been  used  for  the  pil- 
lars of  the  mausoleum  of  Hyder  at  Seringapatam.  Some  of  these  have 
a  property  of  double  reflection,  which  is  regarded  by  the  natives  as 
evidence  of  supernatural  agency. 

In  the  Admiuistratiou  Report  of  Mysore  for  the  year  1878-79,  it  is 
stated  that  the  potstone  raised  during  that  year  amounted  to  920  maunds, 
the  value  being  Rs.  1,000. 

Hyderabad. — Dr.  Heyne*  mentions  the  nse  of  steatite  for  writing 
on  wooden  tablets,  which  were  prepared  for  the  purpose  by  being  rubbed 
over  with  the  juice  of  green  leaves.  He  also  mentions  that  finely  pow- 
dered talc  was  used  to  give  a  gloss  to  the  surface  of  chunam  work. 
Both  of  these,  he  was  informed,  were  obtained  from  a  place  called 
Ananegabad. 

Several  of  the  accounts  of  the  manufacture  of  iron  and  steel  in 
Hyderabad  mention  that  potstone,  or  as  it  is  called  by  the  natives  ballapam^ 
was  used  for  the  floor  of  the  hearth.  The  refractory  powers  of  steatite 
have  rendered  it  invaluable  for  this  very  purpose  in  other  more  advanced 
countries  too, 

Orissa. — ^Itlany  of  the  temples  in  Orissa,  more  particularly  the  Black 
Pagoda,  and  those  at  Bobanesh war  contain  samples  of  sculptured  steatite 
which  is  believed  to  have  been  obtained  in  the  Nilgiri  hills  of  that 
pro^nnce,  where  blocks  of  any  size  may  be  quarried.' 

Small  idols,  carved  in  a  slaty  black  steatite,  are  sold  in  large  numbers 
at  Puri,  and  carried  all  over  India  by  pilgrims  as  mementos  of  their 
visit  to  Jagaunath, 

Bengal:  Midnapur  District. — The  potstonesof  Midnapur are, or 
used  to  be,  worked  at  a  number  of  localities,  but  the  requirements  of 
Calcutta  and  the  alluvial  districts  all  round  are  extensive,  and  from 
several  parts  of  Chutia  Nagpur  and  Behar  the  exports  of  stone  plates, 
bowls,  &c.,  are  considerable, 

Behar :  Gya  District.— A  dark-blue  or  black  steatite  is  obtained 
at  a  village  calleil  Pathalkati,  20  miles  north-west  of  Gya,  and  is 
there  manufactured  into  cups,  plates,  vases,  figures  of  animals,  of  which, 
as  in  the  case  of  Jagannath,  large  numbers  are  carried  away  by  pilgrims.^ 


'  Jour.,  Roy.  Af.  8oc.,  Vol.  XI,  p.  IL 

*  TracU,  p.  272. 

»  Mem.,  G.  S.  I.,  VoJ.  T,  p.  278. 

*  St«ti9tJcal  Account  of  Bcrignl.  Vol.   XIII,    p.  26;  Bungnl  AdmiQiatrAtiou  Kcport. 
187C-77,p.  156. 
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Potstones  oE  several  qualities  arc  obtained  in  dilferent  parts  uf  this 
district. 

Ohutia  Nagp^  -  Manbhum  and  Singhbbum  Districts.— In  the 
raug-es  of  hills  separating  Muubhum  fi'oin  Singhbhimi,  there  are  a  mim* 
ber  of  beds  of  potstoue  and  chloritic  schists,  which  are  mined  to  a  consider- 
able extent,  and  the  mauufivctured  plates,  basins,  &c.,  are  exported  in 
some  quantity  via  Bardwan  to  Calcutta,  where,  as  also  throngh  the  rest 
of  Benjal,  crockeryware  is  but  little  used  by  the  higher  classes  of  Hindus, 
who  still  prefer  either  metal  or  stone  plates  and  basins  for  their  food. 

The  mines  in  the  above  districte  have  recently  been  fully  described.' 
The  principal  deposits  occur  as  beds  in  the  sub-metainorphic  or  lower 
transition  series.  There  are  some  also  in  the  older  motamorphic  rocks,  and 
there  are  alao  some  masses  which  occur  in  association  with  the  trap  from 
which  they  have  been  possibly  derived  by  a  process  of  alteration  or 
replacement.  There  is  considerable  variety  among  these  potstones,  some 
being  foliated,  and  schistose,  and  not  very  well  adapted  to  the  purpose  to 
which  they  are  put ;  others  are  coarsely  granular  or  orystalline ;  compact  or 
homogenous  steatite  in  this  region  is  rare  if  even  it  be  present.  Some 
of  the  varieties  which  include  chloritic  minerals,  do  not,  when  carved 
into  vessels,  stand  heat ;  they  are,  accordingly,  but  little  esteemed. 

Mines,  both  ancient  and  modern,  are  numerous,  but  seldom  go  to 
greater  depths  than  20  or  30  feet,  but  horizontal  galleries  are  occasion* 
ally  driven  for  some  distance. 

Each  plate  or  carry  platter  passes  through  four  hands,  the  cost  of 
production  being  as  follows— (1)  The  man  who  quarries  earns  1  anna; 
(2)  the  rough  shaper ;  (3)  the  clean  shaper ;  and  (4)  the  turner,  who  uses 
a  rude  lathe  in  which  the  vessel  is  finished  off;  each  earn  one  peiss.  The 
employer  receives  from  the  merchants  about  2J  or  3  annas  j  such  a  plate 
would  in  Calcutta  sell  for  perhaps  8  annas. 

An  analysis  of  a  fragment  of  one  of  these  potstone  vessels  made  by 
the  late  Dr.  M.  H.  Ormsby  gave : — 

SiHca 54*6 

Alawiina    ....                 6-f)8 

Iron  peroxide 0.24 

Mangaueee  dioxide o  H4 

Lime oi'l 

Magnesi* .  28  SS 

WuUt 'i<>0 
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Central  Provinces. — Talcose  sebistg,  with  bandi?  of  st^itife, '  occur 
iu  the  motiiraovphic  rocks  in  various  districts  of  tlie  Central  Provinces, 
but  detailed  information  as  to  their  distribution  is  not  available.  In 
1843,  Mr.  Wilkinson  stated  that  steatite  or  soapstone  was  largely 
used  by  the  natives  medicinally  at  Nagpur;  it  was  s<»ld  at  the  rate  of 
10  seers  for  a  rupee,  and  was  supposed  to  be  obtained  iu  the  Jabalpur 
district.*  Messrs.  Ilislop  and  Hunter^  state  tliat  a  dark -coloured  jiot- 
stone,  with  a  metallic  lustre,  which  is  found  at  the  Jambal  Ghat,  in  the 
Chanda  district,  was  specially  reserved  by  the  Maratha  authorities  for 
the  manufacture  of  idols.  The  lighter-coloured  varieties  which  occur  at 
Dini,  near  Rampaili,  and  at  Biroli,  near  Tharora,  on  the  Waingfanga,  have 
long  been  used  for  making  into  vessels.  Steatitic  schists  of  pure  white 
tint,  with  a  few  included  garnets,  occur  at  Kaneri,  on  the  Chalband  river, 
and  at  various  localities  oast  of  the  Wainganga. 

Berar  :  Wun  District :  Wun. — A  steatite  of  fine  texture  and  sus- 
ceptible of  taking  a  good  polish,  is  said  to  occur  *  in  abundance  within  a 
few  miles  of  the  town  of  Wun. 

Rajputana :  Raipur  State :  Mora,  Lat.  26'  50'  N. ;  Long.  76*  51' 
E. — The  beautiful  bluish-gray  soajjstone,  which  is  so  much  used  in  Agra 
for  the  manufacture  of  delicately  carved  ornamental  articles,  is  obtained 
in  a  mine  situatetl  1  mile  west  of  Mora,  a  village  16  miles  north-west  of 
IliodauD,  in  the  territory  of  the  Maharaja  of  Jaipur. 

The  following  account  is  derived  from  notes  made  by  Mr.  C.  IL 
Ilacket  during  a  recent  visit  (ISSO)  to  the  locaUty.  The  steatite  or 
soapstono  occurs  in  a  bed,  averaging  2  feet  in  thickness,  which  is  inter- 
calated with  quartzites  of  the  Arvali  series.  The  dip  is  about  S0°  to 
north-east,  and  the  outcrop  is  on  the  side  of  a  hill  at  an  elevation  of 
about  150  feet  above  the  plain. 

The  quality  and  thickness  of  the  material  vary,  and  the  system  of 
mining  is  somewhat  rude,  the  roofs  often  falling  in  during  the  rains 
when  the  mines  are  deserted.  The  entrances  to  the  mines  are  by  inclines 
which  dip  with  the  strata.  Cubes  of  pure  stone  of  from  1  foot  to  18 
inches  can  be  obtained.  The  mining  operations  during  the  dry  season 
are  somewhat  intermittent,  as  they  only  take  place  when  the  raerchante 
from  Agra  arrive  with  orders,  the  total  of  which  amount  on  the  average 
to  1,500  maunds  per  annum. 

The  following  statement  of  cost  was  obtained  from  the  head  villagers 


»  Mem..  0.  S.  I.,  Vol.  II.  p.  137. 

=  Cril.  JoQP.,  Nut.  Hist..  Vol  111,  p.  291. 

'  Quar.  JoQT..  Oeol,  8oc.,  Vol.  XI,  part  3,  p.  380. 

*  Ikrnr  Onzeltvvr,  p.  27. 
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by  Mr.  Hacket.  It  will  be  seen  that  the  actual  miners  receive  less  than 
one-tenth  of  what  is  paid  by  the  merchants  while  the  royalty  is  nearly 
three-tenths : — 

Per  raaaad. 
A«.  P. 
To  ib«  EkatU  or  minen      .  .        .....  .10 

Carriers  from  mine  to  Mora 2    0 

Zamindarof  Mora 2    0 

Sonar  or  broker  (financier) 0    6 

ChowkidarofyillHge 0    6 

Chowkidar  on  gunrd    . 0    6 

Fntwari  for  weighing 0    6 

Village  charities 0    3 

Mahamja  of  Jaipar  (royalty) 8    0 

Total  cost  delivered  at  Mora        .    10    3 


Attention  has  recently  been  directed  to  this  steatite  as  possibly  afford- 
ing a  suitable  substance  for  the  manufacture  of  gas-burners,  but  whether 
it  has  been  found  in  practice  to  be  completely  free  from  all  tendency  to 
deflagrate  is  not  known. 

Bombay. — ^^In  th^  Southern  Mahratta  country  talcose  or  steatitic 
rocks  have  been  extensively  used  in  many  places  for  manufacturing  vessels 
and  in  architecture. 

Ratnagiri  District. — In  several  places  potstones  occur  cropping  out 
from  underneath  the  laterite^  of  the  Konkan,  and  are  quarried,  the  stone 
being  worked  up  into  vessels.  Formerly,  if  not  still,  there  was  a  steady 
trade  in  these  articles  between  Goa  and  Bombay. 

Dharwar  District. — Both  Dr.  Christie^  and  Captain  Newbold^  allude 
to  the  occurrence  of  potstone  in  the  south-eastern  portion  of  the  Dharwar 
district,  where  it  was  manufactured  into  cooking  vessels,  and  was  also 
used  in  sculpture.  Mr.  Foote  mentions  that  the  elaborately  carved  stone 
of  the  famous  Gadag  (or  Gudduck)  temples  in  Dharwar  is  a  chloritic 
rock.* 

Afghanistan. — Steatite  is  known  to  occur  in  the  region  of  the  Safed 
Koh,  and  it  is  probably  found  in  many  other  parts  of  Afghanistan.  It  is  a 
substance  less  useful  for  the  conditions  of  Afghan  life  than  it  is  for  that 
of  the  Hindus,  and  deposits  of  it  would  therefore  be  likely  to  be  unworked 
in  that  country,  for  which  reason  might  it  easily  escape  the  notice  of 
travellers. 

'  Gibson,  Dr.  A.     Jonr.  Bomb.  Br.  Roy.  As.  Soc,  Vol  I,  p.  144. 

*  Madras  Jour.  Lit.  and  Sci.,  Vol.  IV,  p.  462. 
»  Jour.  As.  Soc.  Bengal,  Vol.  XIV,  p.  291. 

*  Mem.,  Q.  S.  I.,  Vol.  XII,  p.  258. 
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North- West  Provinces :  Garhwal  District.— A  white  soapstonc 
is  found  in  Garhwal ;  bcinj^  brittle  it  is  not  much  used,  but  is  turued  iuto 
cups  and  vessels  wliicli  when  polished  look  like  marble.  It  is  said  to 
answer  the  purpose  of  pipecluy  and  to  be  found  in  many  places.  It« 
exact  composition  docs  not  appear  to  have  beeu  ascertained.  * 

Bhutan. — A  pure  steatite,  which  is  believed  to  occur  intercalated 
with  the  Buxa  series  near  Balla  has  been  noticed  by  Colonel  Godwin- 
Austen^  and  ^Ir.  MalJet.  From  loose  lumps  of  it  which  are  found 
in  the  Balla  ravine,  tlie  Bhutanesc  used  to  manjifaeturo  cups  ;  but  the  bed 
from  whence  the  lumps  came  has  not  yet  been  found. 

Burma. — Pencils  made  of  steatite  or  French  chalk  are  largely  u>:e<l 
throughout  Burma  for  writing  on  blackened  pa(>er.  They  are  principally 
imported  from  Upper  Burma  as  square  sticks  sawn  from  the  block* 
They  are  from  4  to  6  inches  lon^j  and  the  sides  about  \  of  an  inch  wide- 
An  identical  material  is  collected  at  numerous  localities  in  the  Arakuu 
range  by  the  iuhabitants  and  applied  to  the  same  purpose.  In  Pegti,  too, 
it  13  also  obtained,  but  io  small  ovoid  masses  too  small  to  yield  pencils 
of  the  size  of  those  which  come  from  Ava.^ 

In  the  former  case  the  including  rocks  belong  to  the  Axial  group,  and 
in  the  latter  to  the  Ncgrais  group  [vide  Part  II).  In  neither  case  does 
the  steatite  occur  as  an  integral  component  of  the  rocks,  but  is  due  to 
subsequent  alteration  by  replacement  or  to  segregation  in  veins. 
Though  often  found  with  serpentine  it  also  occurs  independently  of 
that  rock  in  earthy  beds.  An  analysis  of  this  steatite,  which  is  called 
raugu  by  the  Burmese,  yielde*! — 

Wuter      ...-••.....  2-4 

Silic« cull 

Oxide*  of  wlnminn  nnd  iron                        .          .                                      .  3'4I 

Mugnnin                                                          l\OXJ 

Alkali tr. 


90-30 


Meerschaum. — This  well-known  mineral  is  a  hj'drouB  magnesium 
silicate  of  somewhat  comi)licated  composition  ;   there  are  several  closely 


'  Atkiuaon.  E  T.  Economic  Geology  of  Hill  Districts,  North- Wester n  Prorincoi,  Allnhn. 
b»d,  1877,  p.  34. 

»  Joar.  Aa.  80c.  Beng»l,  Vol.  XXX VU.  p.  121  ;  huJ  Mem..  G.  S.  I..  Vol.  XI,  pp. 
8S  (itid  90. 

>  Theobald.  W,  Rwoidd,  G.  S.  I,  Vol.  IV,  p.  43  i  mid  Morn.,  G.  8.  I.,  Vol.  X.  |»p, 
386,352. 
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allied  minerals,  and  of  meerschaum  itself  there  are  a  few  recognised 
varieties  having  different  textures. 

The  meerschaum  of  commerce  is  obtained  in  Asia  Minor,  Greeco, 
Moravia^  Spain^  &c.>  and  when  of  the  best  quality  is  a  vahuible  sub- 
stance. 

That  a  meerschaum  of  value  occurs  in  any  part  of  India  ia  not  known 
to  bo  the  case,  and  the  subject  is  merely  introduced  here  in  order  to  dii'eot 
attention  to  two  localities  where  the  prospect  of  finding  it  is  perhaf^ 
suiFiciently  good  to  make  it  worth  the  while  of  those  who  may  have  the 
opportunity,  to  search  for  it. 

It  would  lie  in  no  wise  surprising  if  the  magnesite  deposits  of  the 
Salem  and  adjoining  districts,  which  have  been  described  above,  were 
found  to  include  mewschaum,  since  the  deposit  is  in  part  siliceous. 

It  may  be  added  that  Dr.  Voysey'  parenthetically  mentions  a  bed  of 
meerschamn  as  occurring  with  granite  to  the  south-west  of  tbe  Tad- 
manur  hill  in  Hyderabad.  It  is  scarcely  likely  that  this,  if  an  original 
rock,  was  true  meerschaum, but  it  may  have  occurred  with  magnesites; 
had  it  been  oE  any  value,  it  would  probably  have  received  more  notice. 

Among  the  magnesian  clays  and  serpentines  of  the  Nioobar  Islands'' 
it  is  conceivable  that  bands  of  meersohaum  may  be  found  if  properly 
looked  for. 


Serpentine. — This  mineral,  otherwise  called  ophite,  when  pure,  is  » 
hydrous  magnesium  silicate,  containing  more  water  but  less  silira  tlum 
talc.  The  proiwrtions  of  these  constituents  respectively  are — silica,  4.3*4^ 
magnesia,  4"3*4S ;  water,  1-3*04  =  lUO.  Iron  peroxide  is  generally  present 
in  varying  proportions,  and  there  are  traces  of  other  colouring  matters 
which  give  to  this  mineral  such  varied,  and  often  such  beautiful  hues. 
There  are  numerous  varieties  of  serpentine  ;  the  so-called  noble  or  precious 
serpentine  is  partially  translucent :  the  librous,  foliated,  porcellauic  and 
resin-Iikc  varieties  are  distinguished  by  various  names.  The  fibroiw 
varieties,  which  are  called  chrysotile,  &c.,  resemble  asl:)e8tos,  but  as  they 
contain  a  considerable  quantity  of  water  they  are  not  applicable  to  the 
same  purposes. 

Though,  on  account  of  its  comparative  softness,  serpentine  miiy  easily 
be  distinguished  from  jade,  it  is  often  mistaken  for  it. 

Fcrd  antique  marble  consists  of  limestone  with  included  serpentine, 
which  often  produces  a  beautifully  clouded  stone  suitable  for  ornamvntiil 
puri)oses. 

'  Jour.  As.  Soc.  Ucngnl.  Vol.  XIX.  p.  201. 

'  C'wm/.  Jour.  At).  Hoc,  BeiiguU  Vol.  XX21 IX,  p.  27. 
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The  distribution  of  seq>€ntine  rocks  in  India  is  by  no  means  univer- 
mJ  ;  in  fact  they  may  be  said  to  be  of  rare  occurrence,  though  Jocally 
they  are  found  in  some  abundance. 

Madras. — Serpentines,  and  more  particularly  serpontinous  marbles 
which  have,  when  wrought,  a  very  ornamental  appearance,  are  found  in 
several  localities  in  the  Karnul  and  Kadapah  districts,  Serj^entines  occur 
in  parts  of  Salem,  especially  in  the  region  where  the  magnesite  deposits 
are  distributed.  It  may  be  an  oiion  question  whether  the  black  potstone 
of  Mysore  should  not  be  properly  described  as  a  serpentine. 

Bengal. — In  Midnapur  some  of  the  magneeian  potfitones  have  been 
described  as  being  serpeotines,  and  they  possibly  do  represent  a  transit 
tional  stage.  In  several  parts  of  Chuiia  Nagpur  true  serpentines  have 
been  observed,  as  for  instance  in  the  districts  of  Manbhum  and  Sing< 
bhum.^  Verd  antique  marble  occurs  in  Mirzapur  as  will  bo  described  in 
the  next  chapter. 

There  appears  to  be  no  further  information  as  to  the  occurrence  of 
serpentine  in  peninsular  India. 

Punjab. — A  dark-greeu  massive  serpentine,  occurring  in  association 
with  chloritic  schists,  is  found  in  the  Puga  valley  and  in  the  Hanle  valley 
below  the  monastery.  The  rock  is  traversed  by  thin  seams  of  a  finer 
quality  which  is  frequently  foliated  j  and  sometimes  of  a  yellowish-green 
colour.  Thin  seams  of  a  white  mineral,  supposed  to  be  maguesite,  fill 
joint-cracks  in  this  serpentine.^  According  to  Mr.  Calvert*  there  is  a 
serpentine  quarry  on  the  Rangal  mountain  in  Kulu.  It  is  used  for  orna- 
mental purposes  and  also  medicinally  for  disease  of  the  liver. 

Captain  Herbert  mentions  the  occurrence  of  a  very  beautiful  serpen- 
tine, which  is  worked  beyond  the  Kali  river  in  native  territory. 

At  Shigri  in  Ladak  there  is  a  mine  of  verd  antique  or  calcareous  ser- 
pentine, which  is  extensively  worked,  the  substance  being  incorrectly 
called  i/essham  or  jade  by  the  inhabitants.*  Cups  made  of  a  serpentine 
called  zahr  mitJtra  are  supposed  to  split  if  poison  is  put  into  them. 

Burma. — Serpentine  is  exceedingly  abundant  in  parts  of  British 
Burma,  being  found  associated  with  the  rocks  of  both  the  Axial  and 
NegraLs  groups,  and  it  accompanies  the  latter  in  their  extension  south- 
wards into  the  Andaman  and  Nicobar  Island^j. 


»  Mem..  G.  8. 1..  Vol.  XVIII,  Part  II. 
«  Mallrt,  P.  R.    Op.  cit..  Vol.  V,  p.  172. 

*  KuJu,  p.  4. 

*  Proc.  As.  Soc.  Bcugnl.  1880,  p.  4. 
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Mr.  Theobald  1  states  that  in  Pegu  it  occurs  in  three  localised  areas, 
whicb  are  all  with  xme  exception  situated  on  the  eastern  side  of  the 
Arakan  range,  and  among  the  outer  ranges  of  hills.  Though  capable  of 
yielding  an  ornamental  stone  on  account  of  its  colours,  it  is  so  seamed  by 
cracks  that  it  may  be  doubtful  whether  large  pieces  could  be  obtained. 

Serpentine  is  also  believed  to  occur  in  Tenasserim,  especially  in  some- 
of  the  islands  of  the  Mergui  archipelago. 

Andaman  Islands. — As  already  stated,  serpentine  occurs  in  the- 
rocks  of  the  Andaman  Islands.  There  is  an  outcrop  of  a  handsome  mot* 
tied  serpentine  at  Homfray's  Gh&t,  not  far  from  Port  Blair,  which  might 
very  probably  yield  a  handsome  stone  for  ornamental  j^urposes,  and  ia 
many  other  parts  of  the  islands  serpentines  occur,  with  which  the  possi- 
bility of  mercury  being  found  has  been  suggested  in  Chapter  III. 

1  Mem.,  G.  S.  I.,  Vol.  X,  p.  143 ;  Jonr.  Am,  Soo.  iBengal,  VoL  XXXIX,  p.  287. 
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CHAPTER  XI. 

CALCIUM,  BAEIUM  AND   STEONTIUil-COMPOUNDS. 

FlVOB  SPAJt— Oenenl  Remark*.  Ceutrul  Prov-incos—Rewah— Punjab.  Orwrif— OexiCTftl 
Remarks.  Madra*— Chingleput— Nellore—  Bombay — Cutch — Sind — BalochUtan — Af- 
ghanlAtan.  Ponjab.  North-Wost  Provincca  ^Barma.  AjrHTDRiTB — Oeneral  Remarka. 
Apatitb— Qeaeml  Remarks.  Bengal.  LuiBSToyB  akd  Mabblb,  &o.^Qeneral  Reuiarka. 
Madnw— Trichinopoli — Coimbatorc— Kadapah  and  Kamnl.  Bengal— Manbhum— 
Singbbhum — Hazaribagh — Lobardaga — Central  Proviuce*— Sambalpur — Raljmr — 
Jabalpur — Nagpor— Wardba— Vindbyan  Range — Mirzapur — Coutral  India— Owalior. 
Bajpatana — Alwar— Jaipni- — Jodbpur — Udi>pur — Jesiilmir — A j mir.  Bombay — Cnlch — 
Bind — Balocbutan — Afgbamatan.  Ponjab.  North- Wcfit  Pruvincoa — Komaon  and 
Oarbwal — DHijiling— Afiuiiu.  Burma — Pegu— Tenasscrini — Upper  Burma — Andamans 
Kakkab— General  Remarka.  Cbmbitt — General  Remark*.  Ba&itb — Oeneral  Remarka. 
Madraa— Karnut.  Central  Provineea — Jabalpur— Rewah— Punjab.  Chubtivb— 
Bombay— Sind— Punjab, 

Fluor  Spar:  General  Remarks. — This  mineral,  of  which  the 
cuhical  ciystals  are  well  known  as  Derbyshire  spar,  consists  of  calcium 
fluoride.  The  uses  of  fluor  spar  are  not  numerous  ;  but  as  it  takes  a  high 
polish  it  is  employed  for  making  small  ornamental  objects :  owing  to  its 
brittleness;  however,  it  is  not  easy  to  work.  In  the  preparation  of  hydro- 
fluoric acid,  with  which  etchings  on  glass  and  siliceous  stones  are  made, 
it  is  employed  to  some  extent.  It  is  also  sometimes  used  as  a  flux  in  the 
reduction  of  ores  of  copper  and  other  metals.  According  to  Prof  Miiller 
the  murrhine  cup  was  made  of  fluor  spar  (see,  however,  Chapter  XIII). 

The  scarcity  of  known  localities  where  floor  spar  occurs  in  India  is 
remarkable  ;  not  improbably,  were  there  more  mines  of  the  metals  worked 
we  should  meet  with  some  supplies  of  the  mineral,  but  at  present  the 
only  localities  where  it  has  been  found  are  the  following  : 

Central  Provinces  :  Raipur  District :  Chicholi. — Associated 
with  the  galena  of  this  locality  (see  page  290),  small  quantities  of  fluor 
spar  have  been  observed.* 

Rewah  State. — Fluor  spar  occurs  thinly  disseminated  in  the  Bhanrer 
limestones,  but  as  yet  it  has  not  been  found  in  suflicient  quantity  to 
be  of  economic  importance.^ 

Punjab :   SpiTi.— A  light-green  variety  of  fluor  spar  was  obtained 


•  R««)rdi.,  G.  8. 1..  VoL  I,  p.  37  ,•  Vol  III.  p.  -W;  and  Vol.  X.  p.  195. 
«  Mem.,  0. 8. 1.,  VoU  VU,  p.  122. 
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by  Mr.  Mallet  in   very  small  quantities  in  the  granite  dykes  at  the 
Wangtu  bridge.  ^ 

Oypsum  r  General  Remarks.— The  hydrons  caleium  sulphate, 
or  gypsum^  has  numerous  varieties  of  form,  and  its  modes  of  oceurrene© 
also  vary;  when  in  transparent  crystals  it  is  called  selenite.  In  the 
massive  form  as  alabaster  its  uses  are  well  known;  on  calcination  it  loses 
its  water  of  combination  and  is  easily  powdered  ;  in  this  condition  it  is 
known  as  plaster  of  Paris.  The  addition  of  water  to  the  powder,  which 
has  for  it  a  strong  affinity,  causes  it  to  become  hard  and  compact,  and 
it  is  this  property  which  renders  it  so  invaluable  for  taking  moulds  and 
casts,  and  for  giving  a  hard  finish  to  the  surface  of  walls.  Gypsum  ia 
largely  used  in  some  countiies  to  lighten  and  enrich  clayey  soils. 

In  peninsular  India  gj^sum  rarely  occurs  in  sufficient  quantities  to 
be  of  economic  importance ;  there  are,  however,  some  sources  of  supply 
in  Southern  India  which  are  availed  of  to  a  small  extent.  In  several  of 
the  extra'peniusular  regions  it  occurs  in  inexhaustible  quantities,  but 
some  of  these  are  difficult  of  access.  A  large  projiortion  of  the  gypsum 
which  is  used  in  India  is  therefore  imported  from  foreign  coimtries, 
Bince  it  can  be  put  down  at  the  Indian  ports  at  a  price  which  defies 
competition  by  any  of  the  indigenous  sources  of  supply. 

Gypsum  is  to  be  obtained  in  small  quantities  in  Indian  bazaars,  being 
kept  as  a  drug.  It  is  supposed  to  have  cooling  properties,  and  a  gruel 
made  fi'om  it  is  administei'cd  in  fevers.  By  the  Chinese  it  is  said  to  bo 
employed  for  a  similar  purpose. 

Occasionally,  in  India,  it  is  burnt  and  used  for  chewing  with  betel 
instead  of  carbonate  of  lime.  It  is  also  used  for  whitew.'ush  and  as  a 
plaster;  in  one  locality,  Sind,  it  has  been  used  for  making  mouldings 
when  in  the  condition  of  plaster  of  Paris. 

Madras  :  Trichinopoli  District. — According  to  Mr.  H.  Blan- 
ford,^  this  mineral  is  abundant  in  many  parts  of  the  cretaceous  rocks  of 
Trichinopoli.  It  is  generally  somewhat  impure,  occurring  in  concre- 
tionary masses  and  in  plates ;  it  would  answer  when  made  into  plaster  of 
Paris  for  taking  moulds^  but  not  for  casts  where  whiteness  is  required;  it 
Byldom  occurs  in  sulficient  quantity  to  l>e  worth  collecting^  though  plates 
of  pure  selenite  are  obtainable.  It  is  most  abundant  in  the  Utatur 
beds,  especially  in  the  belemuite  clays  to  the  east  of  Utatur,  and  in  tho 
unfossilifcrous  clay  to  the  north-east  of  Maravuttur.  The  reported 
occurrence  of  gypsum  in  Bangalore  seems  to  require  confirmation* 

»  Mem.,  0.  S.  I.,  Vol.  V,  p.  160. 
»  Op,  oil..  Vol  IV,  p.  ail. 
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Ohingleput  District.— In  the  clayey  estuarine  beds  to  the  north 
of  Madras,'  concretionary  masses  of  gypsuni  and  crystals  of  eeleuite 
occur,  but  not  in  any  great  abundance.  According  to  Mr.  Foote,  euppliec 
for  making  plaster  of  Paris  for  use  in  the  School  of  Arte  at  Madras 
Lave,  liowever,  Ijcen  obtained  from  this  source. 

Nellore  District. — In  the  eastern  coastal  districts,  of  which  Nellore 
is  one,  crystals  of  greater  purity  than  those  found  near  Madras  are  said 
to  occur.  It  is  considered  by  Mr.  Foote"-'  that  they  might  be  collected 
in  the  neii^hbourhood  of  the  canal  and  forwarded  to  Madras,  where  the 
consumption  is  increasing. 

Bombay. — Gypsum  in  the  form  of  selenite  is  found  in  small  quan- 
tities in  the  marine  deposits  about  Bombay  and  in  Kattywar,  and  it  is 
stated  to  occur  in  parts  of  the  Deccan  in  connection  with  deposits  of 
salt.  But  the  principal  sources  of  gypsum  in  this  Presidency  are  situated 
in  Cutch  and  Siud. 

Outch. — The  following  is  Mr.  Wynne's'  account  of  the  distribution 
of  gypsum  in  Cutch :  '^  Large  f|uantities  of  gypsum  occur  in  shales 
belonging  to  the  Jurassic,  sub-uummulitic  and  tertiary  groups;  the 
most  highly  gypsiferous  being  those  of  the  sub-nummulitic  band.  The 
mineral  is  generally  translucent ;  and  clean  blocks  several  inches  in 
diameter  may  bo  found  weathered  out  on  the  surface  of  the  ground. 

Although  much  of  it  might  be  obtained  without  greater  trouble 
than  picking  up  the  pieces,  it  does  not  appear  to  be  utilised  except  to 
a  slight  extent  by  goldsmiths,  who  are  said  to  use  it  in  a  powdered 
state  for  polishing  their  wares.  Among  other  places  it  occurs  near 
a  small  outlying  patch  of  tertiary  rocks  on  the  Runn  east  of  Adeysur ; 
near  Chirtore  between  Adhooe  and  Badurgud,  all  in  Wagir ;  and  in  the 
western  part  of  the  district,  about  2  miles  south-west  of  MhuiT ;  also 
east  and  north-cast  of  Oomirsir  and  nearer  Lukput.'' 

Sind. — Several  writers  on  the  geology  of  Sind  allude  to  the  occur- 
rence of  gypsum.  According  to  Mr.  W.T.  Blanford*  it  is  found  in  some 
abundance  near  the  top  of  the  Gaj  beds  of  the  Kirthar  range ;  the  beds 
of  it  are  not  unfrequently  3  to  4  feet  thick.  Two  sueh  beds  of  dilleretit 
degrees  of  purity  are  exi)0sed  in  the  section  on  the  banks  of  the  Oaj 
river,  and  similar  beds  occur  not  unfrequently  further  to  the  north. 
Some  gy]>sam  is  also  found  in  small  quantities  in  the  rocks  of  the  Oyj 
group. 

*  Mem.,  G.  S.  I.,  Vol.  X,  p.  132. 
-'  Op.  rit.  Vol.  XVI,  p.  lO-k 
i  Op.  rit..  Vol.  IX,  p.  00. 
«  Op.  vit.,  Vol.  XV 11,  p.  196. 
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Dr.  Buist  '  has  directed  attention  to  the  interesting  fact  that  in 
Sind  the  art  of  making  plaster  of  Paris  was  known  to  the  natives,  and 
that  it  was  employed  in  casting  lattices  and  open-work  screens  for  the 
tops  of  doors,  &c.,  where  a  free  circulation  of  air  was  desirahle;  the 
dryness  of  the  climate  in  Sind  protects  it  from  injury  on  exposore, 

Balochistan. — It  is  probable  that  in  the  continuation  of  the  Sind 
beds  northwards  into  Balochistan  similar  beds  of  gypsum  will  be  found 
to  exist.  That  it  actually  does  exist  is  known,*  but  details  are  not  yet 
available. 

Afghanistan. — Mr.  Griesbach^  states  that  gypsum  occurs  in  beds, 
lenticular  masses  and  veins  in  the  Gaj  formation,  and  that  it  is  also 
found  in  the  younger  tertiary  rocks,  forming  considerable  deposits  in  the 
post-pliocene  gravels  and  clays  of  the  plains.  Near  Kandahar  it  is  obtained 
from  these  beds.  Captain  Button  has  recorded  that,  after  burning,  it 
was  largely  used  as  a  plaster  in  the  buildings  in  Kandahar,  and  that  it 
proved  tenaceous  and  durable.  It  was  first  discovered  in  the  time  of 
Ahmed  Shah,  who  considered  it  so  valuable  that  he  caused  public  prayers 
and  thanksgivings  to  be  offered  up,  and  celebrated  the  event  with  feast- 
ing and  the  distribution  of  charity.     The  Pashtu  name  for  gypsum  isya/. 

According  to  Vigne*  Ghazni  is  built  at  the  foot  of  a  long  narrow 
ridge  composed  of  gypsum. 

Punjab  :  Bannu  District :  Kalajjagu. — Gypsum  is  found  in  Kala- 
bagh  and  in  the  Khasor  range,  but  it  is  not  at  present  utilised.  Both  here 
and  also  at  Mari  and  Sardi,  quartz  prisms  with  pyramidal  terminations  are 
found  in  great  abundance  in  the  gypsum ;  they  commonly  go  by  the 
name  of  Mari  diamonds. 

Kohat  District. — In  this  district  gypsum  is  very  abundant,  there 
being,  in  Mr.  Wynne's  *  opinion,  more  of  it  probably  than  there  is  of  the 
rock  salt  with  which  it  is  associated  in  beds  believed  to  be  of  nummulitic 
age.  It  might  be  obtained  by  open  quarrying  in  any  quantity,  but  it  is 
not  worked.  The  crops,  especially  the  wheat,  which  aie  raised  on  the  soil 
resting  on  an  expanse  of  gypsum  at  Spina,  are  said  to  be  finer  than  those 
in  any  other  part  of  the  country,  still  the  natives  do  not  appear  to  draw 
the  obvious  inference. 

Salt-range. — In  the  portions  of  those  districts  which  include  the 
salt-range,  gypsum  occurs  in  enormous  quantities  associated  with  the 


•  Trmns.  Bomb.  Gool.  Socy.  (1862),  Vol.  X.  p.  229. 

»  Quar.  Joar.  Oeol.  Soc..  Vol.  II.  p.  261;  nud  KtconlB,  0.  S.  I.,  Vol.  \1I,  p.  152. 
»  Mcfo.,  O.  S.  I.,  VoU  XVIII,  p.  6». 

*  Cnbul.  p.  126, 

»  Muni..  O.  S.  I.,  Vol  XVIIU  p.  03. 
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salt  marls  of  silurian  or  pre-sUurian  age,  and,  awordiu^  to  Mr.  Wynne,' 
smaller  deposits  of  gypsum  are  also  foimd  iu  some  of  the  yoimger 
groups ;  wlien  powdered  it  is  used  to  mix  with  mortar,  and  some  of  the 
more  compact  varieties  near  Sardi  are  maoufacturcd  into  plates  aud 
small  ornaraental  articles.  Selenite  is  said  to  sell  at  Lahore  for  lis.  3-11 
per  maued,  the  purpoee  for  which  it  is  used  being  probably  medicinal. 

Spiti. — Very  considerable  deposits  of  gypsum  are  found  in  the 
Spiti  valley.  Mr.  Mallet,*'  who  has  described  them,  believes  them  to  be 
derived  from  thermal  springs,  as  they  consist  of  amorphous  unstratified 
masses,  and  as,  moreover,  there  are  in  the  vicinity  thermal  springs  which 
at  present  deposit  gypsum.  The  origin  is  traced  to  the  ordinary  chemical 
reaction  taking  place  between  iron  pyrites  and  carbonate  of  lime,  the 
former  abounding  in  certain  black  slates.  Some  of  this  gj^sum  is  of  u 
beautiful  snowy  whiteness,  and  it  might  be  employed  directly  for  orna- 
mental purposes,  or  for  the  manufacture  of  the  purest  plaster  of  Paris ; 
one  fatal  bar  to  its  use  is  its  position,  as  it  would  have  to  be  carried 
across  the  whole  breadth  of  the  Himalayas  before  it  reached  a  market. 

North- West  Provinces :  Dehba. — Captain  Herbert,'  in  a  paper 
specially  devoted  to  the  subject,  discusses  the  nature  and  origin  of  certain 
deposits  of  gypsum  which  occur  in  the  Dehra  Dun  region.  The  loca- 
lities were  Nagal,  Sahansadhara,  Jari  Pani,  and  Ranon.  The  including 
rocks  were  of  both  tertiary  and  older  ages,  and  were  principally  lime- 
stones. Captain  Herbert  concluded  that  the  gypsum  of  the  older  slaty 
rocks,  no  lees  than  that  in  the  younger  formation,  was  not  an  original 
deposit.  The  quantity  at  the  above-name<l  localities  was  not  considerable 
so  far  as  had  been  then  ascertained.  Two  papers  by  Sir  Proby  Cautley  *  and 
the  Reverend  Mr.  Everest*  respectively  were  shortly  afterwards  published, 
in  which  the  age  of  these  deposits  was  discussed  in  reference  to  the 
origin  of  the  gypsum,  and  whether  it  occurred  as  an  old  betided  rock,  or  as 
an  irregular  mass  in  the  rocks,  the  result  of  infiltration  and  the  alteration 
of  carbonate  of  lime;  the  latter,  which  was  the  view  held  by  Captain 
Herbert  and  Sir  Proby  Cautley,  was  no  doubt  correct. 

Many  years  afterwards  Mr.  H.  B.  Medlicott  *  described  the  gypsum 
of  this  region  as  occurring  in  lumps  not  unfrequcntly  in  the  ferruginous 
clays  of  the  Subathu  group,  and  at  Sahansadhara  1)clow  Masuri  in  small 
irregular   veins  through  limestone   which  is   in  the  neighbourhood   of 

'  Mem..  G.  9.  I..  Vol.  XI.  p.  189. 

■   Op.  cit..  Vol.  V,  p.  158. 

'  A».  Re*.,  Vol  XVUI.  p.  216. 

*  Jour.  Ab.  Soc.  Btn\gh[.  Vol.  I,  p.  280. 

*  W*wi,  p.  460. 

*  Mem..  O.  S,  I.,  Vol.  I U.  p.  177. 
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sulphur  springs.  From  both  these  sources  a  supply  was  obtained,  but 
the  demand  was  limited.  It  has  been  employed  in  the  internal  decora- 
tion of  houses  at  Dehra  with  some  success. 

Kiunaun  and  Garhwal  Districts.— Accordin«>  to  Mr.  E.  T.  Atkin- 
son *  jyi-ypaum  is  found  in  the  Chliakhata  pargana ;  but  the  most  pro- 
mifiinfj  source  is  near  the  Nihal  bridge,  on  the  road  between  Kaladhiingi 
and  Naiui  Tal :  plasUM*  of  Paris  of  g<.»od  quality  has  been  made  from  it. 
Gypsum  is  also  found  in  Garhwal,  on  the  banks  of  the  Alakananda,  near 
Pauai  and  Nagurasu.  A  dark-green  variety  is  said  to  be  manufactured 
into  saucers  and  bowls,  but  it  may  perhaps  be  doubted  whether  this  is 
gypsum  ;  more  probably  it  is  serpentine. 

Burma :  Arakan  Division :  Ramri  Island.— At  Kyauk  Tyan  and 
on  Amherst  island  there  are  gypseous  shales  in  which  crystals  of 
selenite  are  sparsely  disseminated.  The  amount  available  is,  in  Mr. 
Mallet^s^  opinion,  so  small  that  a4  a  source  of  gypsum  they  are  prac- 
tically useless.  Judging  from  the  absence  of  refei-encea  to  the  occur- 
rence of  gypsum  in  Burma,  it  can  only  be  concluded  that  it  is  scarce 
there,  though  from  a  priori  considerations  its  occurrence  in  some  of  the 
tertiary  rocks  and  the  recent  marine  deposits  might  be  anticipated.  The 
Reverend  F.  Mason*  speaks  of  a  crystal  of  selenite  from  Amherst  as  an 
unusual  curiosity,  and  he  mentions  that  a  fibrous  gypsum,  for  sale  as  a 
cooling  medicine  in  the  shops  of  the  Chinese,  is  imported  from  China. 
A  granular  gypsum  is  said,  however,  to  be  obtained  on  the  banks  of 
the  Tenasserim  river  in  lat.  13°  14'  north. 

Anhydrite :  General  Remarks.— The  anhydrous  calciiun  sulphate 
differs  from  gj^jsum  simply,  so  far  as  its  composition  goes,  in  that  it 
contains  no  water  of  crystallization.  When  crystalline  it  may  be  readily 
distinguished  by  its  belonging  to  the  trimetric  system,  while  gypsum 
belongs  to  the  monocliuic.  A  massive  variety  of  it  wbich  contains 
silica  is  known  as  vulpinite,  and  is  sometimes  cut  and  polishetl  for  orna- 
mental purposes.  Anhydrite  occurs  associated  with  the  gypsum  deposits 
of  Spiti  and  in  the  Mayo  salt  mines  in  the  Punjab. 

Apatite  or  Calcium  Phosphate  s  General  Remarks— This 
mineral  generally  occurs  in  hexagonal  prisms,  but  it  is  sometimes  found 
massive  or  mammilated  with  an  internal  fibrous  structure ;  when  abun- 


'  EnicruioCTs*  .TouniJil,  Calcutta,  Vot  V,  p.  29. 

'  Btoiiomic  Ghioloify  of  the  Hill  Tracts.    N.  W.  P.,  Allah»b«id  j  Piimph.,  p.  3i. 

3  Rcxonlii,  O.  S.  I.,  Vol  XL  p.  223. 

*  Natunl  Productions  of  Uunua,  p.  81. 
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dant  it  is  of  great  value  as  a  manure,  treatment  with  sulphnnc  acid  render- 
ings the  phosphoric  acid  solnble.  Apatite  is  chielly  found  in  the  older 
crystalline  or  raetamorphic  rocks,  but  calcium  phosphates  are  sometimea 
formed  by  the  contact  of  guano  with  calcareous  rocks,  as  for  instance  on 
coral  reefs.  No  very  large  supply  of  this  nature  is  likely  to  l>e  found  in 
the  Indian  Ocean,  for  although  there  are  coral  reefs  and  coral  islands, 
sea-birds  are  not  very  abundant,  and  the  monsoon  rains  would  probably 
prevent  such  a  deposit  from  accumulating  to  any  great  extent. 

Another  possible  source  of  phosphate  of  lime  is  afforded  by  the  fossil 
remains  of  Vertebrates ;  and  in  the  search  made  for  materials  of  this 
nature  by  manufacturers,  the  bone  deposits  of  the  Siwalik  hills  have  not 
been  overlooked.  Not  many  months  sl^o  a  letter  of  enquiry  on  the  subject 
was  addressed  to  the  Governmeut  of  India.  Although  these  bones  con- 
tain sometimes  a  considerable  proportion  of  phosphate  of  lime  (up  to  85 
per  cent.'),  others  are  more  altered  and  mineralized,  but  what  is  of  chief 
importance  is  that  the  bones  are  nowhere  accumulated  in  great  abun- 
dance^  but  are  scattered  here  and  there  through  considerable  thicknesses 
of  rock.  There  is  therefore  no  likelihood  of  their  collection  being  an 
object  of  commercial  enterpn'se.  Tliis  being  so,  there  is,  at  present  at 
least,  no  prospect  of  jwunded  Dinotherium  and  Sivatherium  bones  beings 
employed  in  the  cultivation  of  turnips,  and  palaeontologists  have  therefore 
no  cause  for  alarm. 

The  occurrence  of  apatite  in  crystalline  rocks  in  India  appears  to  have 
been  recorded  from  one  district  only. 

Bengal :  Hazaaibagh  District,— A  few  stray  crystals  of  green  apa- 
tite were  met  with  by  Mr.  Mallet  in  a  granite  dyke,  which  crosses  the 
Tendhwa  nadi  south  of  the  Mahabar  hill.*  A  sample  was  also  obtained 
from  the  Baragunda  copi>er  mines. 

Marble  and  Limestone :  Greneral  Remark8.~The  following 
account  must  necessarily  be  somewhat  imperfect,  as  the  subject  is  a  large 
one;  but  it  is  believed  that  no  very  important  deposit  has  been  overlooked. 
Limestones  can  hardly  be  said  to  be  absent  from  any  of  the  formations 
in  India,  though  in  some  they  aio  cither  rare  or  so  impure  as  hardly  to 
deserve  the  title. 

In  the  metamorphic  series,  bands  of  crystalline  limestones  occur 
locally  in  some  abundance,  but  they  are  capriciously  distributed,  being 
often  absent  over  large  areas.  In  some  of  the  groups  of  the  next  suc- 
ceeding or  transition  series,  namely,  in  the  Kadapah,  Bijawar,  and  Arvali, 

»  Joar.  As.  Soc.  Bengal,  Vol.  I,  p.  467. 
'  Rflconi*,  G.  S.  I.,  Vol.  VII,  p.  48, 
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the  limestones  attain  a  considerable  development,  and  some  of  the  varie- 
ties have  yielded  the  marbles  which  have  played  such  an  important  part 
in  Indian  architecture.  In  the  Lower  Vindhyan  series  the  limesbmes  are 
more  notable  for  their  abundance,  and  the  wide  areas  over  which  they 
spread,  than  for  producing  any  marbles  of  particular  beauty.  In  the 
Upper  Vindhyans  limestones  are  principally  found  in  the  Bhanrer  group, 
where  they  sometimes  attain  as  great  a  thickness  as  260  feet,  and  are  used 
both  as  a  building  stone  and  for  lime. 

In  the  Gondwana  series,  limestones  are  rarely  met  with,  and  then 
chiefly  in  the  Talchir  and  Raniganj  groups,  where  they  occur  as  lenticular 
or  concretionary  masses. 

In  the  rooks  of  cretaceous  age,  within  the  peninsula,  limestones  of  both 
sedimentary  and  coral  reef  origin  occur.  The  other  sources  of  lime  are 
principally  sub-recent  and  recent  tufaceous  deposits  of  kankar,  traver- 
tin, &c. 

In  the  extra- peninsular  regions  the  principal  formations  containing 
limestones  are  of  carboniferous,  Jurassic,  cretaceous  and  nummulitic^ages. 
Another  source  of  lime,  of  which  mention  will  be  made  on  a  following 
page,  is  recent  coral.  On  the  whole  it  may  be  said  that  although  lime  is  a 
dear  commodity  at  most  of  the  centres  of  consumption,  owing  to  the 
cost  of  carriage,  possible  sources  of  lime  occur  in  the  greatest  vaiitty 
throughout  the  countiy,  while,  on  the  other  hand,  some  of  the  marbles  are 
probably  unsurpassed  for  Ixjauty  by  any  to  be  obtaiued  in  any  other  part 
of  the  world. 

The  arrangement  of  this  work  has  necessitated  the  treatment  here  of 
calcareous  rocks  generally,  and  to  save  repetition  no  mention  of  them  will 
be  made  in  the  chapter  which  is  specially  devoted  to  building  stones. 

Madras :  Trichinopoli  District— In  this  district  limestones  occur 
both  in  the  older  crystalline  or  metamorphic  series,  and  also  in  beds  of 
cretaceous  age.  Mr.  King'  has  described  two  beds  of  the  former,  one 
of  which  is  at  Naivaille,  16  miles  north-west  of  Trichinopoli,  and  the 
other  at  Mootum,  4  miles  further  north  and  on  the  west  side  of  the 
Tyaur  river.  The  Naivaille  band  is  6  or  7  feet  wide,  and  was  traced 
for  upwards  of  2  miles;  the  dip  is  vertical.  The  limestone  is  o(  a 
gray  colour,  passing  on  the  one  bund  into  white,  and  on  the  other  into 
pink.  It  has  an  obscure  foliation,  and  between  the  foli®  there  are  bands 
of  mica  and  chlorite.  The  Mootum  band  was  traced  for  a  mile,  and 
is  generally  of  similar  character  to  the  other,  but  the  prevailing  colour 
is  more  commonly  pink.     The  marble  when  polished  presented  an  oma- 

«  MmIiu  Jour,  uf  Lit.  and  Sci.,  Vol.  XX.  p.  272. 
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mental  appearance,  and  the  lime  prepared  from  it  was  of  excellent  quality. 
Mr.  H.  Blanford*  mentions  the  occurrence  of  a  similar  limestone,  2  miles 
to  the  north  of  Cnllpolliam,  on  the  Madras  road.  The  stone  was,  ho  con- 
sidered, too  soft  to  withstand  the  solvent  action  of  rain  for  any  great 
time,  and  would  therefore  not  be  well  adapted  for  outside  work. 

The  cretaceous  limestones  are  also  soft  and  suffer  much  from  exposure 
to  rain.  They  are,  however,  largely  used  by  the  natives  in  the  construc- 
tion of  temples,  &c.  The  chief  localities  from  which  stone  for  these  pur- 
poses is  procured  is  the  ridge  at  the  base  of  the  Utatur  group,  which  ex- 
tends from  Purawoy  to  Vylapaudy.  Much  is  obtained  also  from  both 
the  coral  reef  and  sedimentary  limestones  at  Assoor,  Maravuttoor,  CuU- 
pandy,  Sirgumpoor,  Varagapaudy,  and  other  places  further  south.  The 
coral  reef  limestone  contained  from  95  to  98  per  cent,  of  carbonate  of  lime.« 
In  other  varieties  the  amount  of  calcareous  matter  varies  considerably. 
As  sources  of  lime,  however,  kankar  and  sea  shells  are  principally  employed. 

Ooimbatore  District. — In  this  district  a  crystalline  limestone,  simi- 
lar to  that  of  Tricbinopoli,  is  also  found  ;  it  is  soft  but  does  not  reatlily 
decompose.  The  prevailing  colours  are  pink  and  gray.  The  stone  is 
BUBceptible  of  receiving  a  high  polish,  and  would  l>e  very  ornamental  and 
suitable  for  internal  decoration.  In  1857  Mr.  H.  Blanfoi-d»  recommended, 
as  the  most  favourable  locality  for  working  this  marble,  the  eastern  end  of 
a  ridge  which  crosses  the  Palghat  road.  How  far  this  marble  has  been 
worked  of  late  years  is  not  known,  but  the  outcrop  being  near  the  rail- 
way line  from  Madras  to  Bepur  and  Calicut,  there  are  special  facilities 
for  caiTiage.  Mr.  King  states  that  what  has  been  used  in  connection 
with  the  railway  has  proved  to  be  a  satisfactory  building  stone.* 

There  being  no  source  of  lime  on  the  Nilgiris  the  supply  for  build- 
ings had  to  be  carried  up  on  pack -bollocks ;  it  was  burnt  in  kilns  with 
fuel  composed  of  a  mixture  of  peat  and  wood. 

Kadapah,  E^arQul  and  Guntur  Districts.— The  limestones  which 
are  found  in  the  two  series  of  rocks  called  after  the  two  above  first-named 
districts  are  employed  to  some  extent,  especially  those  in  the  Karnul 
series,  as  building  stones,  as  for  instance  in  the  better  class  of  houses  in 
the  villages  of  the  Khundair  valley.  Some  of  the  marbles  of  the  Falnad 
are  of  good  colours,  and  handsome  marbles  of  different  colours  might  be 
obtained  from  the  breccia  beds  in  the  western  scarps  of  Jamulmadgu^ 


'  Mem.,  0.  a  I.,  Vol.  IV,  p.  204. 
»  Idem,  pp.  52  »ud  265. 
»  Op.  cJL,  VoL  I.  p.  2i7. 
♦  Op.  eU..  Vol.  IV,  p.  148. 
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nud  the  bottom  of  the  slates  in  the  Cheyair  6eld.  These  are  sometimee 
spoken  of  as  the  Gnntnr  marbles,  and  polishod  samples  of  many  orna- 
mental varieties  are  now  in  tlie  Madras  Museum. 

In  certain  tracts  seq^entiuoiis  marbles  of  g^reat  heanty  occnr.  Al- 
tlion<>h  favonrable  reports  have  often  been  published  on  all  these  marbhs, 
no  great  or  steady  demand  for  them  appears  to  have  arisen  as  yet. 

Some  of  the  limestones  are  now  largely  used  for  burning,  hot  kankar 
nsed  to  be  more  generally  employed.  The  adoption  of  the  former  source 
is  mainly  due  to  Railway  and  Canal  Engineers.' 

Bengal. — In  the  crystalline  or  metamorphic  rocks  of  Western  Bengal, 
although  limestones  are  of  somewhat  rare  occurrence,  there  are  several 
deposits  of  importance,  and  a  few,  which  are  of  minor  values,  owing  to 
the  rock  being  impure,  or  difficult  of  access.  Tliere  are  also  a  few  cases 
in  the  sub-metamorphic  or  transition  rocks;  in  the  groups  of  the 
Gondwana  series  limestones  are  occasionally  found  but  they  are  generally 
of  limited  extent.  The  principal  ordinary  sources  of  material  for  the 
mannfactnre  of  lime  are  either  deposits  of  kankar  or  travertine. 

Manbhum  District.— In  this  district,*"  as  has  lieen  already  stated  in 
the  Chapter  on  Iron,  there  are  two  limestones  of  very  different  ages,  one 
of  which  occui-s  in  the  crystalline  rocks  at  Hansapathar,  and  the  other 
is  associated  with  the  sandstones  at  the  north-western  corner  of  the 
Pachete  hill.  Analyses  of  both  of  these  have  been  quoted  on  page  371. 
A  limestone  has  also  been  found  on  the  faulted  boundary  of  the  coal- 
field, al>out  6  miles  south  of  Raniganj  near  Jamuan,  and  there  is  an  out- 
crop of  dolomitic  limestone  near  Bamlallpur,  a  mile  fuilher  to  the  south, 
A  crystalline  dolomite  also  occurs  far  to  the  south  at  the  copper  locality 
near  Purda ;  see  page  246. 

Owing  to  these  sources  of  lime  being  south  of  the  Damuda  river 
there  would  be  a  certain  amount  of  expensive  carriage  to  the  nearest  sta» 
tions  on  the  East  Indian  Railway.  But,  as  already  stated  on  page  372, 
the  cost  of  the  Pachete  and  Hansapathar  limestones  put  down  at  the 
Bengal  Iron  Works  was  Rs.  4  a  ton,  which  included  charges  for  lO  milc8 
carting,  crossing  the  Bamuda  in  boats,  quunyiiig  and  royalty.  It  would 
seem  that  there  is  here  an  opportunity  for  onterpriso  and  the  saving  of 
ptiblic  money.  The  principal  supplies  of  lime  at  present  used  in  Calcutta 
either  come  from  Sylbet  or  from  Katni,  the  latter  having  to  travel  737 
miles  by  rail.  The  Hansapathar  stone  put  down  at  any  of  the  coal  mines 
on  the  line  might  be  biu-nt  at  a  small  cost  with  small  coal  and  would  tlieo 

>  King.  W.  Mem.,  0.  8.  U  Vol.  VIII,  p.  S82. 
»  Oy.  eU„  Vol.  XVUI,  p.  109. 
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only  have  a  distance  of  130  miles  to  travel  by  rail.  The  lime  might  not 
he  quite  equal  to  either  of  the  present  qualities  in  the  market,  hut  it 
would  not  be  very  much  inferior  and  the  supply  is  inexhaustible. 

Singhbhum  District.— Calcareous  sehists  occur  in  several  places 
in  the sub-metamorphic  rocks  of  this  district;  the  foreign  minerals  occur- 
ring in  them,  namely,  talc  and  actinolite  or  tremolite,  may  possibly  dimi- 
nish their  values  both  as  building  stones  and  as  sources  of  lime.^ 

Hazaribaghi  District. — Veins  and  bed*!  of  lirnest'Ono  have  been 
discovered  but  rarely  in  the  crystalline  rocks  of  Ilazaribayh.  There  is  one 
on  the  road  to  Ramgarh,  some  miles  south  of  Hazaribagli,  but  nothing  has 
yet  been  ascertained  as  to  its  extent.  It  does  not  appear  to  have  ever 
been  used  for  burning  as  a  source  of  lime,  hut  it  may  yet  prove  of  value. 

A  bed  of  crystallmo  limestone  occurs  at  tlie  Maliabagh  galena  mine 
on  the  Putro  river  (sec  jiage  291). 

All  analysis  by  Mr,  Tween  yielded  the  following  resiUts  i-^ 

Carbonate  of  lime 88'80 

„          „  iDA^esia 3'(>7 

Oxiilo  of  iron  and  alamina        ....  *61 

Insoluble 7-18 


CKVAII 


Mr.  Mallet, '  who  discovered  this  source  of  lime,  has  pointed  out  that 
it  may  be  of  value,  but  the  lateral  extension  of  the  bed  has  not  yet  been 
ascertained ;  the  thickness  is  6  feet, 

Lohardaga  District, — Tlie  most  considerable  L-nown  deposit  of 
limestone,  in  the  whole  of  Chutia  Nagpur,  is  found  in  the  Tori  pargana" 
in  tills  district.  Between  the  villages  of  Olherpat  and  Deredag  the  road, 
for  a  distance  of  1^  miles,  crosses  the  vertical  outcrops  of  a  succession  of 
calcareous  gneisses,  and  vein-like  lenticular  masses  of  crystalline  lime- 
stone of  great  pui'ity.  These  are  traceable  along  the  strike  for  several 
miles,  but  their  full  extension  has  not  yet  been  ascertained. 

An  apparently  less  pure  limestone  is  found  in  the  Maila  river  section, 
near  Siitbarwah  ;  it  is  in  great  abundance,  though  not  forming  §o  extensive 
a  deposit  as  the  one  above  mentioned.  As  has  been  stated  in  the  Chapter 
on  Iron,  these  limestones  may  be  of  great  value  and  importance,  should 


»  Mem.,  a.  8.  I..  VoL  XVIII.  p.  8a 
•  YlwonU,  G.  S.  1..  Vol.  VII.  p.  S4. 
»  Mom..  G.  8.  L,  Vol.  XV,  pp.  32, 125. 
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the  iron  ores  of  the  Aurunga  field  ever  be  manufactured.    Tlieircomix)8i- 
tion  is  as  follows  :-^ 

Olherpai.  Satbarwah. 

Carbonate  of  lime 91-9  608 

„              magnesia      ....         "2  16"0 

Oxide  of  iron  and  al ami na          ...         "7  6*0 

Insoluble  .        , 7-2  18-2 


100-0 


100-0 


For  building  purposes,  and  possibly  also  for  statuary,  a  suitable  mate- 
rial, perfectly  white,  could  be  obtnined  from  the  principal  of  these  sources. 

Central  Provinces :  Sambalpur  District.— In  the  Lower  Vin- 
dhyan  rocks  of  the  Chatisgarh  basin  there  are  at  least  four  horizons  in 
which  limestones  are  found ;  these  are  particularly  well  seen  in  the  cross- 
section  from  Padampur  on  the  Mahanadi  southwards.  These  vary  from 
somewhat  splintery  white  and  pink  limestones  up  to  a  blackish  gray 
rock,  in  which  there  are  strings  of  galena. 

Besides  the  above  there  are  several  outcrops  of  crystalline  limestones 
in  the  metamorphic  rocks;  the  principal  of  these  are  at  Kujerma  to  the 
north,  and  near  Bokngir  to  the  south  of  Sambalpur.  * 

Raipur  District. — Limestone  is  known  to  be  so  abundant  throughout 
the  central  plains  of  Chatisgarh  that  it  would  be  diflficult  at  present  to 
say  where  it  is  not  found,  or  at  least  easily  accessible ;  it  often  has  a  shelly 
or  flaky  structure,  and  is  not  unfrequently  impure.  Some  varieties,  which 
can  be  easily  dressed,  are  used  as  building  stones ;  others  are  burnt  for 
lime,  A  stone  suitable  for  hthography  has  been  found.  All  these  varieties 
belong  to  the  Lower  Vindhyan  series.  It  is  not  known  whether  any 
crystalline  limestone  occurs  in  the  metamorphic  rocks  of  Kaipur. 

JabaJpur  District. — Not  only  in  this  district,  but  in  others  further 
down  the  valley  of  the  Narbada,  the  Bijawar  rocks  afford  limestones 
of  various  qualities,  among  which  the  famous  '  marble  rocks'  are  particu- 
larly noteworthy,  both  for  the  beauty  and  purity  of  the  material  of 
which  they  are  composed.  This  is  the  strongest  local  development  of 
the  calcareous  element,  and,  much  to  the  disgust  of  lovers  of  the  beautiful, 
it  has  been  talked  of  as  a  flux  by  promoters  of  projected  iron  companies. 
Should  it,  however,  be  worked,  there  need  be  no  fear  that  it  would  be 
necessary  for  a  very  long  time  to  encroach  upon  the  cliffs  which  confer 
80  much  beauty  on  the  narrowed  gorge  of  the  Narbada. 

'  KeconU,  G.  8.  I.,  Vol.  X,  pp.  17S,  182.  lt(3. 
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Except  locally^  in  some  temples^  this  marble  has  not  been  used  for 
building  purposes.  The  'beds  are  much  jointed  and  crushed  by  the  dis- 
turbance, which  has  tilted  them  into  their  present  vertical  position,  and 

by  certain  trap  dykes  which  traverse  them.  But  it  seems  probable  that 
hkTge  unflawed  blocks  might  be  obtained ;  one  which  was  sent  to  the 
first  Paris  exhibition  was  said  to  be  equal  to  Italian  marble  for  statuary 
purposes. 

More  valuable  limestones,  which  belong  to  the  Lower  Vindhyan  series, 
are  extensively  worked  where  the  railway  crosses  the  outcrop  at  Marwara, 
near  the  Katni  station,  and,  as  stated  on  a  previous  page,  these  now  con- 
tribute to  the  supply  of  Calcutta,  although  the  lime  has  to  travel  737 
miles  by  rail.  The  Ume  is  of  good  quality,  and  is  largely  used  by  the 
Public  Works  Department  at  present. 

Nagp^^  District. — In  this  district  there  are  limestones  belonging 
to  two  very  different  ages,  namely,  crystalline  limestone,  which  is  found  in 
the  metamorphic  rocks  to  the  north-north-east  of  Nagpur,  near  Korbadi 
and  Mahadula,  and  infra-trappean  or  lameta  limestones  which  are  found 
at  Kelod  and  Chicholi.*  The  former  attracted  notice  many  years  ago;  it 
is  said  to  be  capable  of  receiving  a  fine  polish,  and  is  extensively  used  for 
building ;  according  to  Dr.  Voysey  it  is  dolomitic.  It  is  apparently  not 
used  as  a  source  of  lime,  present  requirements  being  supplied  by  kankar. 

Wardha  District,  &c.— As  regards  limestone,  the  Wardha  vall^  is 
well  supplied,  there  being  two  principal  sources,  namely,  the  Vindhyan 
and  Lameta  groups,  besides  kankar.  The  occurrence  of  limestones  in 
the  metamorphic  rocks  does  not  appear  to  h^ve  been  recorded.  Atten- 
tion has  principally  been  directed  to  these  limestones  in  reference  to 
their  suitability  for  employment  as  fluxes  in  connection  with  the  reduc- 
tion of  the  iron  ores.  For  this  purpose  the  Vindhyan  limestones  are,  ac- 
cording to  Mr.  Hnghes,  *  to  be  preferred,  as  they  have  a  more  reliable  and 
constant  composition  than  have  those  of  the  Lameta  group,  but  samples 
of  the  latter  have  sometimes  a  composition  very  like  the  former,  as  may 
be  gathered  from  the  following  analyses  : — 

Vindhyan.  lAineta. 

Carbonate  of  Ume  and  magnesia        .        .         .    96*8  94*5 

Oxides  of  iron  and  aliunina      .        .                 .1*2  3*0 

Phosporic  acid          .....       tr.  tr. 

Insoluble 20  2-6 


100-0 


1000 


'  Blanford,  W.  T.     Mem..  0.  S,  I.,  Vol.  IX,  pp.  302,  330. 
9  Op.  cit.,  Vol.  Xlll,  p.  172. 
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The  most  accessible  outcrops  ot  Vindhyan  limestone  arc  at  Kandara, 
6  miles  north  of  Warora,  and  at  Nilja,  H  miles  west  of  Warora.  Lnmeta 
limestone  occurs  at  Karamgohan,  2  miles  south  of  Warora,  and  in  the 
Wardha  river  at  Mardlia,  Src. 

Vindhyan  Range —Ii  will  be  most  convenient  to  describe  the  Hme- 
stonee  of  the  Vindhyan  formation  collectively  in  their  extension  from 
east  to  west,  from  the  Sono  to  the  Central  Provinces.  In  the  Lower 
Vindhyans,  according  to  Mr.  Mallet,*  there  is  a  well-defined  group  of 
thin-bedded  limestones,  which,  where  best  exposed,  are  several  hun- 
dred feet  in  thickness.  These  are  quarried  near  Rotasgarh,  on  the  Sono, 
the  stone  being  principally  used  for  burning ;  it  is  carried  down  the 
Sone  in  boats,  and  thence  both  up  and  down  the  Ganges  to  many  distant 
points.  The  mogt  northern  of  the  quarries  has  been  largely  drawn  upon 
for  the  supply  of  lime  for  the  Sone  irrigation  works.  At  one  time,  when 
tlie  value  of  the  supplies  nearer  at  hand  were  not  fully  realised,  it  was 
proposed  to  make  use  of  this  limestone  as  a  flux  for  the  iron  works  in 
the  Raniganj  coal-field,  but  the  advantage  of  having  a  material  with  a 
known  and  steady  composition  only  exists  in  so  far  as  individual  thin 
layers  are  concerned.  Where  principally  developed  in  the  Sone  valley^ 
the  limestones  are  too  inaccessible  to  be  of  value,  but  at  Marwara  near 
Kutni,  as  already  stated,  in  the  west,  where  the  railway  crosses  the  out- 
crop, quarries  have  been  opened  up.  In  Bundelkhand  the  Lower  Vindhy- 
an limc'^tones  are  worked  to  a  small  extent  for  local  purposes.  Higher 
in  the  Vindhyan  series  the  Bhanrer  group  includes  a  limestone  which  is 
not  only  used  as  a  source  of  lime,  but  as  a  building  stone  in  the  Dam  oh 
district.  The  Jabalpur  railway  runs  with  the  outcrop  from  Mybore 
westwards  up  the  valley  of  the  Tons.  A  considerable  source  of  lime  also 
is  a  tufaceous  deposit  which  occurs  about  many  of  the  falls  over  the  Rewah 
and  Kaimur  escarpments.  From  it  a  lime  of  good  quality  is  supplied  to 
Mirzapur  and  Allahabad. 

Mirzapur  District. — Another  possiljle  source  of  supply  in  Mii-zapur 
is  afPorded  by  certain  crystalline  limestones  which  occur  in  the  meta- 
;iiorphic  rooks  of  Mirzapur  j  these  have  also  been  described  by  Mr. 
Mallet.^  The  most  remarkable  of  the  bands  is  found  in  the  Bichi 
nadi,  a  stream  which  falls  into  the  Rehr  river  near  Singrowli.  It  is  in 
composition  a  typical  dolomite,  and  is  interbanded  with  serpentine,  tbiis 
forming  a  veiy  ornamental  verd  antique  limestone.  Slabs,  from  3  to 
even  5  or  6  feet  or  more,  might  be  obtained,  showing  the  alternations  of 
the  two  minerals.     A  pure  wbile  marble  is  crossed  by  the  road  from 

'  M*.iri.,  G.S,  L.  Vol.  VII,  p.  113. 

»  Kword*,  O.  8. 1..  Vol.  V.  p.  19 ;  Vol.  VI,  p.  48. 
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Sin^owli  to  Mirzapur  at  a  point  a  few  miles  distant  from  the  former. 
A  white  granular  limestone  occurs  in  the  Oobia  hill,  2  or  3  miles  from 
the  Mirzapur  ro.id,  aod  there  arc  other  varieties  at  different  localities. 

Oentral  India  t  Gwalior. — The  group  of  transition  rocks,  known 
as  the  Gwalior  group,  contain  an  abundant  supply  of  flaggy  limestones 
guitahle  for  building  purposes,  and  some  of  them  as  a  source  of  lime. 
But  kankar  is  generally  employed  for  the  latter  purpose. 

Rajputana.— The  Arvali  group  of  transition  rocks  in  R^ijputana 
includes  many  varieties  of  marble,  some  of  them  being  of  excellent 
quality  and  great  beauty.  It  is  to  be  hoped  that  the  railways  may 
cause  thorn  to  be  better  known  and  more  widely  employed  instead  of 
foreign  marble.  In  order  to  accomplish  this,  redaction  of  freights  and 
royalties  are  the  first  steps  to  be  taken. 

Alwar  State  I  Jhirbi. — The  quarries  for  white  marble  nearJhini 
extend  for  a  distance  of  2  miles ;  they  are  not  much  worked  at  present. 
The  stone  is  said  to  be  haixler  to  cut  than  the  Jodhpur  marble.,  but  is 
more  cheaply  raised,  being  nearer  the  surface.  The  amount  of  stone  for 
special  purposes,  which  goes  to  Delhi  annually  at  present,  is  only  about 
150  maunds.  Formerly  large  monoliths  were  raised  in  these  quarries; 
amoug  thera  the  pillars  in  the  amkhas  of  the  Alwar  palace. 

White  marble  is  obtained  also  near  Dadikar,  6  miles  from  the  Alwar 
fort.  Bhick  marble  is  found  near  Mandln,  near  liaragurh,  about  IC  miles 
east  of  Alwar,  and  a  pink  marble  is  excavated  at  Baldeogarh  j  but  there 
is  not  much  demand  for  it,  though  pieces  large  enough  for  images  nearly 
life-size  can  be  obtained. ' 

Jaipur :  Raialo  ob  Rafwala. — White  marble  is  obtained  near  Raialoj 
and  it  is  largely  employed  for  the  filagree  screens  which  are  called 
jalee.  In  the  opinion  of  Mr.  Fergusson,  the  jale«  work  of  Ahmcdabad 
in  Guzerat  is  still  finer ;  but  the  style  of  the  two  is  quite  different. 

According  to  Mr.  Keeue,  the  finest  example  of  this  form  of  work  to 
be  met  witli  in  Northern  India  is  the  following.  Ho  says :  **  But  all 
the  marble- work  of  this  region  is  surpassed  by  the  monument  which 
Akbar  ereek-d  over  the  remains  of  his  friend  and  spiritual  counsellor 
Shekh  Sulim  Chisti  at  Fatipur  Sikri  (1681  A.D.)  In  the  north- 
western angle  of  a  vast  courtyard,  4.^3  feet  by  .366  feet,  is  a  pavilion 
extxjrnally  of  white  marble,  surrounded  by  a  deep  projecting  dripstone, 
of  white  marble  also,  iupported  by  marble  shafts  crowned  by  most 
fantastic  brackets,  shaped  like  the  letter  S.  The  outer  screens  are  so 
minutely  pierced  that  they  actually  look  like  lace  at  a  little  distance,  and 


>  OhueiUser  of  AIw»r  by  M«jor  P.  W.  Powt«tt,  p.  88. 
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illummate  the  mortuary  chamber  within  with  a  solemn  half-light  which 
resembles  nothing  else  that  I  have  seen.  The  whole  of  this  elaborate 
work,  including  the  strange  but  most  pleasing  design  of  the  brackets, 
appears  to  have  been  produced  by  the  resident  stone-cutters  of  the 
place,  uneducated  men  earuing  probably  an  average  wage  of  about  a 
penny  a  day.  I  believe  that  no  instance  of  such  pure  patient  work- 
manship, so  dignified  yet  so  various,  is  to  be  found  in  the  world."  ^ 

Both  pink  and  gray  marbles  are  also  obtained  in  the  quarries  at 
Raialo,  blocks  of  the  former  containing  5  cubic  feet  cost  from  Re.  1-10 
to  Re.  1-H  per  cubic  foot;  and  of  the  latter  blocks,  containing  li) 
cubic  feet,  at  the  rate  of  Re.  1  to  Re.  1-8  per  cubic  foot.  There  are  said 
to  be  about  100  families  employed  in  these  quarries. 

Jodhpur:  Makrana. — The  most  extensive  quarries  in  Rajputana 
appear  to  be  situated  at  this  locality.  The  marble,  which  is  pure  white, 
forms  a  long  ridge  running  north  and  south ;  the  beds  are  vertical,  and  ojs 
some  of  them  are  2  feet  thick,  large  blocks  can  be  obtained. 

This  marble,  which  has  been  celebrated  for  ages,  is  only  prevented 
from  availing  of  the  increased  facilities  of  transit  to  Bombay  and  else- 
where which  are  now  available,  by  the  absurdly  high  royalty  which  is 
charged ;  out  of  a  total  cost  of  Rs.  8-8  per  cubic  foot,  Rs.  2  is  the  pro- 
portion credited  to  the  State. 

The  Makrana  quarries  supplied  the  marble  of  which  the  Taj  at 
Agra  is  built.  This  glorious  monument  of  polished  white  marble  was 
erected  by  the  Emperor  Jehangir  to  the  memory  of  his  favourite  wife, 
Nur  Jehan.  By  the  most  competent  authorities  it  is  considered  to  bo 
the  most  perfect  and  beautiful  structure  in  the  world. 

From  distant  parts  of  India  orders  for  temples  are  sent  to  Mak- 
rana, and  the  blocks  of  pure  marble  cut  and  ready  to  be  put  in  place 
are  forwai'ded  to  their  destination. 

Udepur :  Saranoailu. — ^A  coarse  kind  of  marble  is  quarried  at  this 
locality,  which  is  about, 6  miles  west  of  Desuri,  on  the  western  side  of 
the  Arvali  range. 

Jessalmir  State. — A  limestone,  which  is  found  in  this  State  in  the 
hill  upon  which  the  capital  is  built,  is  stated  to  be  suitable  for  several 
purposes  and  to  have  yielded  a  material  suitable  for  lithography.^ 

Ajmir  District. — Limestones  and  impure  marbles  occur  in  several 
parts  of  this  district ;  so  far  as  is  known  there  are  no  qualities  which 
can  compete  with  the  better  classes  in  the  Native  States.  The  quarries 
are  not  extensive,  and  the  stone  appears  to  be  chiefly  used  for  rough 

>  On  the  Stone  Indoatricii  of  Agn». 
'  Indian  Berieir,  VoL  111,  p.  4. 
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bailding  purposes  and  as  a  source  of  lime.  Being  in  BHtlsU  h?rritory, 
there  are  no  royalties  and  the  prices  arc  low. 

Bombay. — Although  there  are  several  allusions  n»  tlio  Bombay 
Gazetteer  to  limestones  in  several  parts  of  the  Presidency,  it  is  not  al- 
ways clear  what  their  precise  nature  is  :  the  principal  authentic  account 
is  by  Mr.  W.  T.  Blanford,'  hut  this  refers  only  to  the  western  extremity  of 
the  Narbada  valley.  Although  there  is  a  good  deal  of  limestone  in  the 
Bijawar  series,  it  is  too  siliceous  to  be  of  much  use.  Crystalline  limestone 
in  the  raetamorphic  rocks  is  found  about  Chota  Udipur,  atid  the  Cham- 
panir  beds  include  some  limestones.  The  top  bed  of  the  Bagh  group  is 
often  sufficiently  pure  to  be  used  as  a  source  of  lime.  In  the  trap  area 
the  calcareous  intertrappeans  do  not  extend  to  the  west.  At  Barwai 
an  intertrappean  limestone  afforded  the  best  material  available  for  iron 
smelting  that  could  be  found  in  that  neighbourhood.  At  Turkesar,  near 
Surat,  nummulitic  limestone  is  abundant. 

Limestones  are  obtained  in  the  Panch  Mehals  district  at  Dohad, 
Jambughora,  and  at  a  point  about  4  miles  from  the  Pali  station.  The 
last  yields  a  good  lime  for  ordinary  building  purposes,  but  it  is  not  hy- 
draultc*  ;  some  of  these  may  be  kaukar.  Several  of  the  papers  descriptive 
of  the  Southern  Mahratta  country  allude  to  the  existence  of  crystalline 
limestones.  Thus  Mr.  Foote '  has  described  grey  and  greenish-grey  lime- 
stones which  occur  in  some  abundance  2  miles  north-west  and  3  miles 
west-south-west  of  Dhoni,  in  the  Dharvvar  district;  these  would  afford  a 
beautiful  building  stone,  and,  not  improbably,  a  good  lime.  Limestones 
also  occur  in  some  abundance  in  the  Kaladgi  and  Bhima  series  of  rocks.* 

In  Ouzerat  a  more  or  less  calcareous  rock,  for  which  Dr.  Carter  pro- 
posed the  name  "  miliolite,"  has  a  very  wide  distribution.  Its  greatest 
development  is  in  the  Gir  hills,  where  it  rests  upon  an  arenaceous  clay  ; 
it  is  largely  made  up  of  foraminifera,  and  is  supposed  to  be  of  pli<>ccne 
age.  As  a  building  stone  it  is  admirably  suited  for  some  purposes,  but  is 
said  to  be  incapable  of  sastaining  great  pressure.  It  is  largely  quarried 
about  12  miles  from  Porebunder,  from  whence  it  is  shipped  U»  Bombay. 
It  has  been  largely  employed  in  the  erection  of  many  of  the  public 
buildings  in  Bombay. 

In  a  very  beautifully  illustrated  work  on  the  Architecture  of  Ahme- 
dabad,  by  Mr.  T.  C.  Hope,  with  architectural  notes  by  James  Fergusson, 
photographs  illustrative  oijalee  work  and  of  buildings  in  earulgtone  will 
be  found;    many  of   these   buildings    are  comparHivi  ly  modern,   and 

«  Mem.,  O.  8. 1.,  Vol.  VT,  p.  216. 

•  Bomboy  QaaettctT,  Vol.  Ill,  p.  1{>7. 

•  RecordB,  O.  8. 1.,  Vol.  VII.  p.  184. 

•  Mem.,  O.  S.  I..  Vol.  XII,  pj..  262  264. 
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Bome  are  quite  recent.  It  would  appear  that  the  art  of  working  in  theee 
materials  has  been  more  fully  conserved  in  Guzerat  than  in  any  part 
of  India.  But  it  has  been  by  no  means  lost  or  even  discontinued, 
though  it  is  not  extensively  practised  now  in  the  northern  cities. 

Cutch. — Limestones  of  different  ages  occur  in  Cutch,  but  the  most 
esteeujed  belong  to  the  lower  jurassio  group.  Black  or  gray  varieties  are 
obtainable  according  to  Mr.  Wynne*  from  the  Lodye  and  Juruu  range, 
near  Hubbye  on  the  Juria  hills  north  by  west  of  Bhuj,  and  the  latter 
at  Raimulru  hill  near  Kaora;  and  in  several  other  places  in  the 
Putchum,  chiefly  among  the  Kala  mountains.  Another  formation,  con- 
sisting of  broken  shells,  which  takes  a  good  polish,  is  known  as  Doka^ 
wana  marble.  Lime  is  usually  made  from  a  subreceut  concrete  or  cal- 
careous tufa,  which  is  widely  distributed. 

SiDd. — Limestones  occur  in  great  abundance  in  8ind,  the  bulk  o£ 
the  formations  being  made  of  them.  According  to  Mr.  Blnnford,®  an 
abundance  of  calcareous  pebbles  is  found  too  in  the  pliocene  and  post  ter- 
tiary conglomerate.  Many  of  the  above  rocks  are  continued  northwards 
in  the  Sulem.in  and  subordinate  ranges  which  bound  the  Derajat. 

A^banistan :  Balochistan-— Limestones  of  cretaceous  age  abound 
in  J^outhern  Afghanistan  and  also  in  Balochistan.  Nummulitic  limestones 
are  found  on  the  eastern  frontiers  of  both,  as  well  as  on  those  of  Northern 
Afghanistan. 

In  Northern  Afghanistan  the  Safed  Sang  takes  its  name  from  a  beau- 
tiful stattiary  marble.^  In  Dr.  Lord's*  account  of  the  geology  of  the 
Hindu  Rush,  several  varieties  of  limestone  and  marble  are  described. 
The  upper  part  of  the  valley  of  Parwan  is  overhung  by  cliffs  of  lime- 
stone, in  which  there  are  numerous  caves,  into  one  of  which  the  waters 
of  the  valley  disai>pear  for  a  distance  of  2  miles.  Some  of  this  limestone 
is  gray,  but  other  portions  are  of  dazzling  whiteness.  The  matrix  of  the 
galena  ores,  &c.,  in  the  Ghorband  valley  is  also  limestone,  which  is  again 
seen  on  the  Bamian  rond  uear  Jabriz  and  in  the  hills  round  Mardan.  It 
affords  a  white  marble  which  is  quamed  and  it  is  reported  to  extend 
westwards  to  Herat  and  southwards  to  Kandahar.  The  mausoleum  to 
Baber  at  Kabul  was  partly  built  of  marble  brought  at  great  expense  by 
Shah  Jehau  from  Delhi,  but  was  completed  with  stone  raised  in  Mardau, 
the  existence  of  which  was  not  at  first  known  in  Kabul. 

Putyab.^ — Marbles  and  limestones  in  considerable  variety  and  from 
different  geological  formations  are  obtained  in  the  Panjab  and  are  worked 

»  Mem,,  O.  8, 1.,  Vol.  IX,  p.  90. 
«    C/;;.ct7.,  Vol.  XVIL.p.  196. 
>    1'rot.At.  Socy.  Ben^l,  1880.  p.  3. 
<    Iiiiliuu  Ucviow.  Vol.  Ill,  |',  31S. 


Economic  Geology.] 


DARJILINQ. 


467 


to  some  extent  for  various  purposes.  At  tlie  Lahore  exhibition  about 
20  samples  from  the  following  districts  were  exhibited :  Hoshiarpar, 
Rawal  Pindi,  Shapur,  Dera  Ghazi  Khan,  Kohat,  Jhelam>  Hazara,  Delhi, 
Hissar  and  Gurgaon.    The  Delhi  marbles  were  pntbaMy  from  Rajputana. 

In  Mr.  Wynne's  reports'  on  the  Salt-range  of  the  regions  both  to  the 
east  and  west  of  the  Indus,  and  on  the  Kohat  district,  limestones  suitable 
for  building  purposes  are  descrilbed  as  occurring  in  rocks  of  carboniferous 
triassic,  Jurassic  and  nummulitic  ages  respectively.  Curiously  enough, 
however,  the  builders  of  the  ancient  temples  in  the  Salt-range  appear  to 
have  chiefly  used  a  calcareous  travertine,  even  where  it  had  to  be  carried 
from  long  distances.  The  fact  that  it  could  be  easily  cut  when  fresh, 
though  it  hardened  afterwards,  probably  commended  it  to  the  early 
builders,  but  the  material  is  liable  to  decay  when  in  exposed  situations, 
and  being  porous  it  would  not  be  suita-blo  for  large  modera  works. 

In  the  Punjab  Himalayas  the  thick-bedded  and  hard  limestones  of  the 
Krol  group  would  peld  stone  fit  for  ornamental  ormonumeutal  purposes, 
and  a  generally  thin-bedded  micro-crystalline  magnesian  limestone  is 
found  in  the  Blaini  group  {vide  Part  II,  p.  599).  As  a  source  of  lime, 
travertine  or  tufa  is  principally  employed,  but  boulders  picked  out  of  the 
beds  of  torrents  are  sometimes  used.  Mr.  H.  B.  Medlicott^  has  sug- 
gested that  some  of  the  limestones  of  the  lower  Krol  band  might  yield  a 
suitable  material  for  the  manufacture  of  cement. 

North- West  Provinces:  Kumaun  and  Grarhwal  Districts.— 
There  are  several  sources  of  limestone  suitable  for  the  manufacture  of 
lime  in  these  districts ;  the  principal  is  afforded  by  the  bands  which  occur 
in  the  Krol  group  {vitie  Part  II,  p.  601).  Mr.  E.  T.  Atkinson^  has  given 
a  brief  sketch  of  the  distribution  of  the  different  sources  of  limestone  and 
the  manufacture  of  lime  in  these  districts. 

Tlie  best  lime  is  obtained  from  the  travertine  in  the  Tarai,  at  the  foot 
of  the  hills,  and  this  was  found  to  answer  best  as  a  tlux  in  the  iron  works 
at  Dechauri,  as  has  been  stated  in  Chapter  VIII.  A  maund  of  burnt 
lime,  delivered  in  any  part  of  the  district,  costs  10  to  1£  annas.  An  in- 
ferior kind  of  lime  is  also  made  in  the  Tarai  from  kankar. 

Darjiling. — In  his  account  of  the  geology  of  the  Darjiling  district 
and  the  Western  Duars,  Mr.  Mallet*  has  entered  very  fully  into  the  ques- 
tion of  the  present  and  possible  future  sources  of  supply  of  lime.  Of  the 
latter  there  are  three,  namely,  the  dolomite  or  magnesian  limestone  of  the 


»  Mem..  0.  8. 1..  Vol.  XI,  p.  190;  Vol.  XVI,  p.  298 ;  Vol.  XVII.  p.  95. 

•  O}).  at..  Vol.  rn,  p.  i76. 

»  Et-nnomic  Oeolopy  of  Hill  DiotricU  of  N.  W.  P.  AUalinW,  Pjunpli,  p.  35. 
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Baxft  lerief,  the  impure  limestones  in  the  tertiaiy  rocks^  and  the  leoent 
calcareous  tufa  or  travertine;  the  last  only  has  been  used  hitherto  for 
burning. 

The  dolomite  forms  a  high  range  of  hills  just  beyond  the  British 
boundary  in  Bhutan,  but  a  considerable  quantity  of  rolled  masses  might 
be  obtained  in  the  stream  beds  which  are  in  British  territory ;  east  of 
Baxa,  the  same  rook  occurs  within  the  British  boundary.  The  following 
analysis  by  Mr.  Tween  shows  that  a  useful  lime  might  be  manufactured 
from  it|  if  for  instance  it  was  required  in  quantity  at  Jalpigori  : — 


Cii'bonate  of  lime      . 
M        *»  mftgneada 
Oxido  of  iron  and  alamina 
Insoluble  .       .        .        . 


Ught-gnj 
■aohwoid. 

White,  ilmoct 

697 

60-6 

37-8 

38-7 

10 

•8 

•3 

993  99-6 


The  tertiary  limestones  occur  in  thin  beds  and  in  scattered  nodules 
and  nowhere  in  sufficient  abundance  to  be  regularly  quarried.  The  calca- 
reous boulders,  which  are  washed  down  in  the  beds  of  streams,  vary  much 
as  to  the  amount  of  carbonate  of  lime  which  they  contain.  Both  these 
fact«  are  a  drawback  to  the  employment  of  this  rock  in  the  manufacture 
of  a  natural  cement  for  which  certain  samples  obtained  in  the  Chican- 
kholn  river  were  considered  by  Mr.  Dejoux  to  be  well  adapted.  An 
wnalysis  by  him  gave  the  following  result : — 

CWbonate  of  lime 68*7 

„         „  magnesia 1-7 

Oxide  of  iron  and  alumina 1*3 

Clay 27-4 

Sand -6 

LiHw '8 


lOO 


The  calcareous  tufa  is  found  at  numerous  localities,  but  owing  to  an 
expensive  and  wasteful  system  of  burning,  and  the  cost  of  carriage,  the 
lime  commands  a  high  price,  being  sokl  for  Rs.  S  a  maund  at  Fankhabariy 
and  Rs.  ^-6  at  JalUpahar. 


BcoDomic  Geology.]         bubma— auakan  division. 
Analyses  of  eamplee  from  the  Titi  nadi  gave  • — 

Porou«  tadk  CaIcwmiu  taf». 
Carbonate  of  lime  .        .                                 .     I>ftl0  98"50 

„  „  mft^esia    .  .1*30  I'SO 

Oxide  of  bon,  alumina,  and  iuaoluble  nmiU'r    .         'f¥)  "OO 


l6l 


1«X)20 
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Mr.  Mallet  suggests  that  limestone  from  the  dolomite  and  the  tufa 
of  the  Western  Duars  might  be  brought  into  competition  with  Sylhet 
line  from  Chatak  over  a  cjonsiderable  part  of  Lower  Bengal,  if  not  in 
Calcutta  itself.  For  further  information  on  this  subject  reference  should 
be  made  to  Mr.  Mallet's  memoir. 

Assam. — It  is  not  easy  to  give  a  succinct  account  of  the  sources  of 
lime  in  the  valley  of  the  Bhramaputra.  In  some  few  places  nummulitic 
limestones  occur,  but  local  deposits  of  travertine  supply  much  of  the 
lime  which  is  used,  while  boulders  of  an  old  blue  limestone  brought  down 
the  river  from  above  Bhramakhund  are  burnt  for  lime  in  some  of  the 
north-eastern  districts. 

The  nummulitic  limestones  on  the  southern  face  of  the  Khasi  and 
Jaiutia  hills  afford  an  inexhaustible  source  of  lime,  which  has  been  drawn 
upon  for  many  years  under  the  name  of  Sylhet  lime,  to  supply  the  wanta 
of  Calcutta  and  the  greater  part  of  Lower  Bengal,  wherever  lime  made 
from  kaukar  is  not  available.  According  to  the  Statistical  Accoimt  of 
Assam,  there  are  26  quarries  in  the  Khasi  and  7  in  the  Jaintia  hills.  The 
principal  depots  for  burning  are  at  Chatak  and  Sonamganj,  and  on  the 
intervening  portions  of  the  bank  of  the  Surma  river. 

During  the  year  1876-77  the  estimated  export  was  1,600,000  maundsi 
valued  at  Bs.  480,000,  and  the  revenue  received  by  Government  was 
Ks.  67,266,  in  addition  to  which  the  Khasi  chiefs  received  a  revenue  from 
this  source  of  more  than  Rs.  iO,000.  The  trade  is  chiefly  iu  the  hands 
of  the  Messrs.  Inglis,  who  at  one  time  en  joyed  a  complete  monopoly,  both 
in  limestone  and  the  oranges  for  which  this  region  is  famous.  The  price 
of  the  lime  is  said  to  have  much  increased  during  the  past  twenty  years, 
though  the  quantity  exported  has  not. 

Much  of  this  nummulitic  limestone  would,  when  properly  cut  and 
polished,  afford  a  handsomely  veined  marble,  which  would  be  suitable  for 
chimney-pieces,  slabs  for  tables,  garden-seats,  and  for  flooring- tiJes. 

Burma:  Arakan  Division. — Limestone  of  nummulitic  age  occurs  in 
inexhaustible  abundance  on  the  island  of  Ramri,  and  several  of  the  other 
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islands,  and  besides  this  rock-limestone  raised  coral  reefs  occur  in  several 
places.!  To  the  south  of  Sandoway,  at  a  place  called  Ba^ni,  Mr.  Theo- 
bald* states  that  there  is  an  inexhaustible  supply  of  excellent  limestone, 
which  is  80  situated  as  to  be  easy  of  access  by  large  vessels  adapted  to  the 
coasting  trade.  Mr.  Mallet  considers  that  both  these  sources  of  supply 
are  worthy  the  notice  of  Calcutta,  as  may  be  judged  from  the  following 
analyses : — 

Bunri.  Bamni. 

Carbonate  of  lime 94*4  96*4 

„        „  magnesia -6 

Iron  and  alumina 1*5  0*8 

Insoluble 8*6  2*8 

100-0        100-0 

Pegu  Division, — According  to  Mr.  Theobald  nummulitic  limestones 
abound  all  along  the  Arakan  range,  but  to  the  east  of  the  Irawadi  the 
chief  sources  of  lime  are  deposits  of  tufa  or  travertine,  which  are  not  very 
abundant.  In  Bassein  at  Thamandewa  and  Kyout-thing-bhaw  on  the 
Bassein  river,  there  is  an  inexhaustible  and  easily  accessible  supply  of 
limestone.  None  of  the  above  are  recommended  as  being  suitable  for 
ornamental  purposes,  but  neat  gray  marble,  suitable  for  flooring,  is  ob- 
tainable in  the  hills  to  the  north-east  of  Tounghu. 

Tenasseiiin  Division. — True  carboniferous  limestones  occur  in  this 
division,  and  the  famous  caves  at  Maulmain  are  in  this  rock.  Tufaceous 
deposits  are  common;  and  from  stalactitic  limestones  obtained  in  the 
caves  many  images  and  ornamental  objects,  which  are  commonly  sup- 
posed to  be  of  alabaster,  are  carved.'  The  limestones  containing  galena 
in  the  Salwin  region  are  said  to  be  dolomitic.  A  pure  white  marble 
occurs  in  Tavoy.  A  sample  of  it,  and  another  from  Mergui,  were  con- 
sidered by  Dr.  Ure,  who  reported  on  the  iron  ores  of  Mergui,  to  be  well 
adapted  for  employment  as  fluxes.* 

Upper  Burma.— The  beautiful  semi-transparent  white  marble  which 
is  so  extensively  used  for  carving  into  the  well-known  sitting  and  recum- 
bent figures  of  Gaudama  is  ^id  to  be  chiefly  obtained  from  the  Tsygen 
hills,  near  the  village  of  Mowe,  in  the  district  of  Madeya. 

Andaman  Islanda — Another  alternative  source  of  supply -of  lime 
for  Calcutta  is  afforded  by  the  coral  reefs  of  the  Andaman  Islands.    The 

»  Becords,  O.  S.  L,  VoL  XI,  ?.  221. 
«  Mem^  O.  S.  I..  VoL  X,  p.  »46. 

*  Mason,  Rev.  F.    Nattinl  ProdnctionB  of  Barma,  p.  29. 

*  Jour.  Ab.  Soc  Bengal,  VoL  XII,  p.  238» 
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idea  has  been  sng^ffcst^  more  than  oiice  during  the  past  twenty  years,  and 
it  is  sapposed  that  the  only  ohjection  to  it  arises  from  the  necessity  for  the 
presence  of  coasting  vessels  which  would  \)e  involved,  and  the  consequent 
risk  of  the  convicts  escaping ;  but  with  so  pure  a  source  of  lime,  abun- 
dant fuel  and  labour  at  command,  there  can  be  little  doubt  that  Calcutta 
might  be  supplied  with  excellent  lime  at  comparatively  small  cost,  and  a 
useful  and  profitable  occupation  would  be  thus  afforded  for  the  convicts. 

In  1862*  some  experiments  were  made  by  the  PuVillc  Works  Depart- 
ment with  lime  made  at  Barrackpur  from  coral  brought  up  as  ballast 
from  the  Andamans.  The  cost  of  the  lime  when  burnt,  exclusive  of 
freight  and  collection,  was  from  Rs.  36  to  45  per  100  maunds,  as  against 
the  market  price  of  Sylhct  lime  from  Es.  85  to  90  per  100  maunds. 
Opinions  differed  slightly  as  to  the  relative  merits  of  the  two  limes,  but 
on  the  whole  the  coral  lime  was  considered  equal  to  the  other ;  whether 
it  would  answer  best  to  burn  the  lime  in  the  Andamans  and  bring  it  up 
slaked  like  the  Sylhet  lime,  or  to  burn  it  where  fuel  is  more  expensive, 
can  only  be  determined  by  actual  trial. 

Kankar  (Kunkur) :  General  Remarks.— If  the  amount  of  space 
devoted  in  this  volume  to  the  treatment  of  the  different  subjects  was 
in  the  direct  ratio  to  the  present  importance  of  the  several  productions 
treated  of,  there  is  hardly  one  of  them  which  would  require  a  greater 
number  of  pages  than  kankar.  But  while,  ou  the  one  hand,  the  informa- 
tion regarding  the  distribution  of  this  deposit  would  be  necessarily 
incomplete,  on  the  other  hand  the  repetition  of  details,  closely  like  one 
another  in  reference  to  the  different  provinces  and  districts,  would  be  un- 
necessarily tedious  and  not  of  much  practical  use.  Under  these  circum- 
stances a  very  brief  treatment  of  the  subject  seems  the  only  suitable 
alternative,  and  for  this  purpose  the  remmtf  oi  the  subject  given  by  Mr. 
W,  T.  Blanford  in  the  first  part  of  this  work  contains  all  that  is  required 
in  order  that  the  reader  may  obtain  a  just  comprehension  of  the  nature 
and  mode  of  occurrence  of  this  substance. 

"  By  Anglo-Indians  the  term  '  kankar  *  (which  really  means  any  kind 
of  gravel),  has  been  specially  used  for  concretionary  carbonate  of  lime 
usually  occurring  in  nodules,  in  the  alluvial  deposits  of  the  country,  and 
especially  in  the  older  of  these  formations.  The  commonest  form  con- 
skts  of  small  nodules  of  irregular  shape,  from  half  an  inch  to  3  or  4 
inches  in  diameter,  and  composed  within  of  tolerably  compact  carbonate 
of  lime  and  externally  of  a  mixture  of  carl>onate  of  hme  and  clay.  The 
more  massive  forms  are  a  variety  of  calcareous  tufa,  which  sometimes 

*  Engineers'  Journal,  Cakntta,  Vol.  Y.  p.  61. 
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forms  thick  beds  in  the  alluvium,  and  frequently  fills  cracks  in  the  allu- 
vial deposits  or  in  older  rocks. 

"  In  the  beds  of  streams  immense  masses  of  calcareous  tufa  are  often 
found,  forming  the  matrix  of  a  conglomerate  of  which  the  pebbles  are 
derived  from  the  rocks  brought  down  by  the  stream.  There  can  be  no 
doubt  that  the  kankar  nodules,  calcareous  beds  and  veins,  are  all  deposit- 
ed from  water  containing  in  solution  carbonate  of  lime  derived  either 
from  the  older  rocks  of  various  kinds,  or  else  from  fragments  of  lime- 
stone and  calcareous  formations  contained  in  the  alluvium." 

The  following  analysis  will  give  a  fail*  idea  of  the  usual  composition 
of  nodular  kankar. 
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As  a  flux  for  iron,  kankar  has  been  tried  on  several  occasions,  and 
opinions  are  somewhat  divided  as  to  its  applicability  to  the  purpose ;  but 
owing  to  the  uncertainty  of  its  composition  it  is  distinctly  less  well 
adapted  than  rock  limestones  which  have  a  well-defined  average  com- 
position, even  though  in  the  latter  the  proportion  of  carbonate  of  lime 
may  average  something  less. 

Block  kankar  has  been  largely  employed  as  a  building-stone,  more 
particularly  in  connection  with  the  Ganges  Canal  works. 

Cement. — Some  remarks  seem  called  for  on  the  applicability  of  the 
above  substances  to  the  manufacture  of  cement  as  the  subject  is  one 
of  considerable  importance  and  has  attracted  a  good  deal  of  attention 
of  late  years. 

In  so  far  as  Calcutta  is  concerned,  the  question  has  been  very  fully 
settled.  It  was  found  that  the  ordinary  blue  clays,  of  which  an  un- 
limited supply  can  be  obtained,  were  admirably  suited  for  the  manu- 


»  Ohnzipur.    Prinsep.    Gleanings,  in  Science,  Vol.  Ill,  p.  278. 

2  3  *  Raniganj.    Dejoux.    Recoreb,  G.  S.  I.,  Vol.  VII,  p.  123. 

»  Bannuri.  «  Ramnagar.    '  Sanktoria,  all  near  Ranigang.  Tween,  Ibid. 

'  »  Saharanpur.     Thomson.    Rurki  Treatise,  Civil  Engineering,  Vol.  I,  p.  115. 
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Eacture  of  either  Portlaad  or  ordinary  artificial  cement,  but  difficulty 
has  been  experienced  in  gettin^i^  lime  from  indigenous  sources  of  suitable 
quality,  that  is  to  say  lime  sufficiently  pure  and  capable  of  being  reduced 
easily  to  a  fine  powder.  The  high  cost  of  indigenous  limestones  is  also 
against  their  profitable  employment  for  this  purjwse.  As  a  substitute 
English  chalk  has  been  used  with  considerable  success.^  When  brought 
out  as  ballast  it  can  bo  laid  down  at  a  comparatively  small  sum.  In 
the  pa|xjr  quoted  below,  full  information  on  the  subject  of  the  preliminary 
experiments  will  be  found.  Since  that  time  a  company  for  the  manu- 
facture of  Portland  cement  has  been  formed  in  Calcutta,  and  at  present 
the  materials  used  consist  of  an  argillaceous  kankar  to  which  a  fat  lime- 
stone is  added  in  the  proportion  necessary  to  bring  the  calcareous  up 
to  the  proper  relation  with  the  argillaceous  constituents.  Hitherto  this 
fat  limestone  has  been  obtained  in  Calcutta  at  a  cheap  rate  as  it  is 
brought  out  as  ballast. 

Natural  cement  stones  for  the  manufacture  of  both  Roman  and 
Portland  cements  have  Ijeen  used  in  many  parts  of  the  country.  Practical 
information  on  the  subject  will  be  found  in  several  accounts  published 
in  the  Professional  Papers  on  Indian  Engineering  (Rurki). 

Barite  or  Barytes:  General  Remarks.— The  barium  sulphate 
occurs  in  modified  rhombic  and  rectangular  prisms.  Its  commonest  mode 
of  occurrence  is  in  mineral  lodes,  where  it  forms  a  portion  of  the  gangue. 

The  principal  use  to  which  it  is  put  is  to  adulterate  other  substances 
of  higher  value.  When  pure  and  white  it  gives  an  opacity  to  white- 
lead  paint,  which  causes  it  to  be  specially  suitable  for  particular  pur- 
poses. As  a  general  rule,  however,  it  is  added  to  white-lead  from  frau- 
dulent motives. 

Madra«s:  Kamul  District. — The  principal  gangue  stone  in  the 
Gazalpully  or  Baswapur  lead  mine  {vide  page  28-i)  consists  of  Barytes, 
and  if  required  it  seems  possible  that  a  large  supply  could  be  obt4iiued 
there. 

Central  Provinces :  Jabalpur  District :  Sleemanabad.— Barytes 
occurs  in  association  with  the  traces  of  copper  ores  {vide  Chapter  V), 
at  this  locality. 

Rewah  State:  Sohaoi  Ghat,  Lat.  24-°;  Long.  SF  *5'.— Small 
quantities  of  barytes  have  been  obtained  in  the  lower  Rewah  beds  at  this 
locality,  and  also  in  the  Ginga  hilL' 

»  SuppU?nient,  Qasette  of  India,  Jauaary  16, 1875,  p.  88. 
»  Mein.,  O.  S.  I.,  Vol.  VII,  p.  122. 
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Bajputanat  Ajmir  District:  TARAaARH. — ^Barytes  is  said  to  occur 
in  the  lead  mines  at  this  locality  *  {vide  page  299). 

Punjab :  Simla  District :  Subathu. — Barytes  is  found  associated 
with  galena  in  the  lead  mines  at  this  locality  {vide  page  804). 

Oelestite  or  OelesUne:  General  Remarks.— Strontium  sulphate 
or  celestine  occurs  in  rhombic  or  tabular  crystals  of  the  trimetnc  system^ 
and  is  also  fohnd  massive.  Its  chief  use  in  the  Arts  is  for  making  the 
strontium  nitrate^  which  is  an  ingredient  in  fireworks,  where  a  red  fire  is 
required.  There  are  at  present  only  two  known  localities  in  India  where 
this  mineral  occurs. 

Bombay :  Sind :  Kohistan. — Crystalline  lumps  of  celestine,  which 
were  about  the  size  of  walnuts,  were  found  somewhat  sparingly  by 
Mr.  Fedden  scattered  "  over  the  surface,  of  the  Kirthar  limestones, 
especially  to  the  east  of  the  range  which  lies  eastward  of  Bhule  Khan's 
thana."* 

Punjab;  Salt  Range:  Surdag. — Celestine  has  been  found  by 
Mr.  Wynne  in  red  clays  of  tertiary  age  at  the  above  locality.  It  is  not 
supposed  to  be  abundant  there. 

*  Dr.  Irvine.    Topogrt^hy  of  Ajmir,  p.  166. 
»  Mem.,  G.  S.  I.,  Vol.  XVII,  p.  196. 
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CHAPTER  Xn. 

SODHTM  AND  POTASSIUM  COMPOUNDS. 

Saxt  (SoDnnt  CntoaiDB)— General  R«mark»—Ma(lru—OnM»— Bengal— BdT«r--IUjpa- 
tana — ^Sauibluu-  Lake— Dtdwona  Lake — Kacbor-Uewiua  Lake— Bombay — AfgbauMtan — 
Punjab — Eobat — Banna — Salt- Kangc — Gurgaon — Mundi  —  North- West  Province*  — 
AM»m— Cbittagong— Burroa,  Carbo.v atb  of  Soda  (Sodiuh  SMQriCABBoxATB)— Oe- 
neral  Renuu-ks — Madras — Solom— Mysore — Berar — Lonor  Lake — Central  India — North. 
Weat  PMmiioo*— Code.  Olafbkx  Saxt  (Sodiuic  Sulpbatb) — General  Renmrk*. 
Rbh — General  Remarks.  Bobax  (Soditv  Bibokatb)— General  Remarks  — Kattywar — 
Kaahuiir— Thibet.  Saltpbthb  (PoTAssirM  Nitbatb)— General  Remark*.  Sylvikb. 
(PoTABsnrM  Chlobede)— General  Remarks. 

Salt  or  Sodium  Cfhloride :  General  Remarks. — Salt  is  tlie  mine- 
ral production,  which  iSf  of  all  others,  the  most  important  to  the  Indi.ia 
revenue.  The  annual  gross  receipts  received  as  tax  on  this  commodity 
amount  to  about  £7,0U0,OO0. 

Since  the  year  18GS  much  has  been  accomplished  with  reference  to 
equalising  the  duties  in  different  parts  o£  India,  and  coincidently  with 
this  many  changes  have  taken  place,  certain  sources  of  supply  have 
been  developed,  while  from  others  the  outturn  has  diminished.  The  Gov- 
ernment monopoly  has  Ix^en  abandoned  in  some  regions,  while  in  others 
it  has  been  established.  It  is  not  within  the  prescribed  limits  of  this 
work  to  describe  these  changes,  nor  to  detail  the  masterly  arraugeraente 
by  which  the  abolition  of  the  Customs  line  has  been  accomplished. 

While  there  are,  as  will  be  seen,  several  very  distinct  sources  of  salt 
in  India,  each  of  which  is  practically  inexhaustible,  there  is  still  a  steady 
import  trade  from  foreign  countries,  and  there  api)ears  to  be  no  imme- 
diate likelihood  of  any  diminution  taking  place. 

Tlie  following  sketch  includes  accounts  of  the  most  important,  sources 
of  supply,  but  it  does  not  pretend  to  be  exhaustive,  as  that  would  involve 
an  amount  of  detail  which  would  not  be  of  much  practical  use. 

Madras. — The  indigenous  sources  of  salt-supply  in  Madras  have 
been  the  salt-pans  on  the  coastal  districts,  where»  by  the  evaporation  of 
sea-water,  the  salt  is  obtained.  Tbis  manufacture,  with  various  moditioa- 
tions  from  time  to  time,  has  been  carried  on  partly  as  a  Government 
monopoly,  and  partly  under  an  excise  system,  by  which  the  right  to  manu- 
facture is  leased  to  private  persons,  who  have  to  p<ay  duty  on  aU  the  salt 
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they  produce  for  consumption.  A  spontaneously  formed  salt  obtained 
iji  swamps  and  lagoons  is  in  most  cases  destroyed  by  Government  officials, 
but  at  Pandraka  in  the  Kistna  district,  and  Vedarniem  in  the  Tanjore 
district,  salt  of  this  nature  is  collected. 

Up  to  within  the  past  few  years  an  untaxed  manufacture  of  salt  by 
lixiviation  of  saline  earths  was  carried  on  in  the  interior  districts  of  Ma- 
dura, Bellary,  Kadapah,  Karnul,  &c.  Since  1879,  however,  measures 
have  been  taken  for  its  complete  suppression.  Salt  of  similar  origin 
used  to  bo  manufactured  in  Mysore,  lu  all  cases  it  was  regarded  as  being 
inferior  in  quality  to  sea-salt,  and  was  only  used  by  the  poorest  classes. 
Madras  generally  is  at  present,  however,  largely  dependent  on  imported 
salt  for  the  supply  of  her  requirements,  though  it  would  appear  that  an 
extension  and  improvement  of  the  local  manufacture,  whether  by  mono* 
poly  or  under  the  excise  system,  would  result  in  a  largely  increased  out- 
turn, as  a  considerable  part  of  the  line  of  coast  from  Ganjam  to  Cape 
Coroorin  is  available  for  the  purpose.  The  following  is  an  account  of  the 
plan  which  was  generally  followed  in  the  manufacture  of  salt  by  solar 
evaporation  in  the  Chingleput  district:*  "The  manufacture  begins  in 
January  as  soon  as  the  rains  are  over  and  the  weather  l>egins  to  get  warm. 
The  pans,  which,  including  their  reservoirs,  are  each  two-thirds  of  an  acre 
in  extent,  are  first  cleansed  from  the  mud  accumidated  in  them  during 
the  monsoon.  Next  day  they  are  moistened  with  a  little  water  and 
ridges  are  raised  between  the  pans.  On  the  third  day  the  pans  are  dug 
1 J  inches  deep  with  a  kind  of  spade,  and  in  the  evening  an  inch  of  water 
is  let  in.  From  the  4-th  to  the  9th  day  they  are  trodden  down  cross- 
ways.  On  the  9th  day  an  inch  of  water,  already  well  heated  by  the  sun, 
is  admitted.  In  the  course  of  a  few  days  a  little  inferior  salt  is  produced 
mixed  with  brackish  water.  The  pans  are  again  well  trodden  down  for 
four  days,  and  water  is  admitted,  which  in  four  days  more  will  produce 
good  salt.  From  the  2Srd  to  the  35 th  day  the  pans  are  pounded  with 
rammers  till  the  salt  is  quite  destroyed,  when  an  inch  of  water  is  again 
admitted.  On  the  29th  day,  when  the  water  is  a  quarter  of  an  inch 
deep,  the  salt  is  fit  to  be  taken  out.  It  is  then  stowed  on  the  banks 
to  dry  for  six  hours,  after  which  it  is  removed  to  raised  dry  platforms  of 
sand  and  then  stored  in  heaps  of  GO  tons  or  more." 

The  pans  are  not  evaporated  to  dryness  in  order  that  the  magnesium 
sulphate  or  Epsom  salts  may  remain  in  solution,  or  a  part  of  it,  for  the 
process  is  not  very  carefully  conducted  j  a  certain  amount  of  calcium  sul- 
phate or  gypsum  is  generally  included  in  the  salt. 


•  Chingleput  I>i«triot  Miinunl,  p.  8U7. 
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The  above  seems  a  complicated  syatem^  and  one  important  part  of  the 
process,  the  preliminary  evaporation  of  the  brine  in  pits  for  25  days  or 
80,  has  been  omitted  from  the  description.  In  1865  tbe  Board  of  Revenue 
ordered  that  the  brine  should  be  reduced  50  or  75  per  cent,  in  bulk  before 
being  admitted  into  the  pans. 

The  French  Settlements  in  India  do  not  manufacture  salt,  in  conse- 
quence of  conventions  entered  into  with  and  compensation  received  from 
the  British. 

Orissa. — Formerly  the  manufacture  of  salt  on  the  coast  of  Orissa 
was  an  important  Government  monopoly.  At  present  it  is  wholly  in 
the  bands  of  native  capitalists.  In  Balasore  and  Furi  the  trade  is  said 
to  be  increasing,  but  it  is  declining  in  Cuttack.  In  some  localities  the 
evaporation  is  carried  on  by  artificial  means  ;  in  others  by  a  solar  process, 
similar  in  general  principles  to  that  practised  on  the  coast  of  Madras. 
In  Puri  the  water  of  the  Chilka  lake  is  used  for  the  manufacture.  The 
artificially  evaporated  salt  is  said  to  l>e  the  best,  but  having  Wn  cooked 
it  is  not  used  by  the  stricter  Hindus.  For  further  information  on  these 
subjects  reference  may  be  made  to  the  Statistical  Account  of  Bengal, ' 
From  Orissa  and  the  northern  districts  of  Madras,  Ganjam,  &c.,  a  con- 
siderable quantity  of  salt  finds  it«  way  into  the  Central  Provinces  and 
Western  Bengal. 

Bengal. — Formerly  the  Government  monopoly  of  salt  manufacture 
extended  into  Midnapur  and  lessor,  and  salt  from  saliue  earths  used 
also  to  be  manufactured  in  the  Patna  district,  but  the  industry  is  now 
extinct,  and  salt  is  no  longer  directly  manufactured  from  any  source  in 
Bengal  proper. 

But  indirectly  a  certain  amount  of  salt,  especially  in  Behar,  is  pro- 
duced in  the  saltjietre  manufactories.  This  product  is  subject  to  excise 
and  has  to  be  carefully  watched  by  the  excise  officers. 

Berar. — The  sources  of  salt  in  Berar  have  formed  the  subject  of 
numerous  papers,  and  the  Lonar  lake  especially  has  been  accorded  a  con- 
siderable degree  of  notice.  Over  an  area,  about  50  miles  in  length  and 
1 U  miles  in  breadth,  on  both  sides  of  the  Porna  river  in  Akola,  wells  used 
to  be  sunk,  from  which  brine  was  obtained  and  considerable  quantities  of 
salt  used  to  be  manufactured  by  solar  evaix}ration.  Some  of  the  wells 
close  to  Dahihanda  are  ISO  feet  deep.  On  the  brine  reservoir  being 
tapped  the  brine  spouts  up  with  cousiderable  force.  In  1865.56,  398 
of  these  wells  were  in  working  order  and  yielded  to  Government  a  re- 
venue of  Rs.  ie4.,ooo.» 


»  Vob.  XVIII  and  XIX. 

•  Wynne,  A.B.    Records,  G.  S.  I.,  Vol.  I,  p.  3  ,  and  Bcmr  Oaicttcer,  p.  28, 
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Rajputana.-^There  are  four  soTurces  of  salt-supply  in  Bajpatanaj  as 
follows : — 

(Iff)     From  large  shallow  lakes  without  outlets, 

{2nd)    From  earthworks,  t .  e.,  the  collection  of  saline  efflorescence, 

{3rd)    From  weak  brine  pits, 

{4tX)     From  deposits  in  old  river-beds. 

Although  the  lakes  were  the  most  extensive  single  sources  of  salt^ 
the  aggregate  outturn  from  the  other  sources  was  very  considerable. 
Thus,  in  favourable  seasons,  Bhartpur  produced  as  much  as  16,00,000 
maunds  of  fair  small-grained  salt,  but  in  1876  this  manufacture  was 
closed  as  the  result  of  treaties,  and,  moreover,  because  it  was  undersold 
by  the  salt  from  the  Sambhar  lake. 

A  brine  pit  in  Bhartpur,  which  was  examined  in  1865,  contained  20 
to  80  feet  of  brine,  at  a  depth  of  20  feet  from  the  surface ;  it  was  stated 
to  have  shown  no  diminution  of  supply  for  28  years.  There  was  at 
this  spot  no  efflorescence  on  the  surface  to  show  the  existence  of  salt 
below.  In  another  well  a  section  of  20  feet  showed  only  the  ordinary- 
sandy  and  kankary  soil  common  in  the  plains. 

At  Pancbbadra,  which  turns  out  annually  11,00,000  maunds  of  good 
salt,  the  supply  is  obtained  from  wells  which  are  dug  in  what  is  supposed 
to  be  an  old  bed  of  the  Loni  (Salt)  river. 

The  principal  salt  lakes  in  Rajputana  are  Sambhar  on  the  borders  of 
Jaipur  and  Jodbpur ;  Kachor-Bewassa  in  Shekhwati ;  Didwana  and  Pha- 
lodi  in  Jodhpur ;  Lonkara-sur  in  Bikanir. 

Sambhar  Lake. — This  lake  is  situated  on  the  eastern  side  of  the 
Arvali  range,  on  the  borders  of  Jaipur  and  Jodhpur.  Its  g^reatest  length 
is  20  miles,  and  the  average  breadth  about  5  miles.  Its  greatest  depth 
near  the  centre,  at  the  end  of  the  rains,  does  not  exceed  3  feet.  The 
lake  is  merely  a  hollow  in  the  middle  of  long  ridges  of  sand,  some  of 
them  100  feet  high,  and  under  the  lee  of  one  of  these  it  is  protected  from 
being  filled  up  by  blown  sand.  The  drainage  area  is  2,200  square 
miles.  The  principal  streams  falling  into  the  lake  are  two,  one  of  which 
comes  from  50  miles  to  the  north-east,  and  the  other  from  the  neighbour- 
hood of  Ajmir,  40  miles  to  the  south.  The  rocks  occurring  in  the 
neighbourhood  are,  according  to  Mr.  Hacket,*  much  disturbed  schists 
and  quartzites  of  the  Arvali  series.  A  tufaceous  limestone  is  also  abun- 
dant. Neither  here  nor  anywhere  else,  where  these  rocks  have  been 
examined,  has  any  bed  been  met  with  which  would  afPord  a  source  from 
whence  the  inexhaustible  supplies  of  salt  about  to  be  described  could 
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bave  come  from.  It  has  been  suggested  that  under  the  concealment  o£ 
the  widespread  saud,  there  may  be  beds  of  salt  which  are  a  marine 
depofiit  and  coeval  with  the  fresh-water  Vintlbyan  sandstones,  and  that 
such  beds,  if  they  exist,  may  be  a  link  between  the  great  salt  deposits 
of  the  Salt- range  and  the  Yindhyan  rocks  of  peninsular  India.  Another 
hypothesis  is  that  there  was  here  an  arm  of  the  sea  in  comparatively 
recent  times,  which  on  ita  retreat  left  behind  it  a  salt- impregnated  soil; 
still  another  hypothesis  is  that  the  salt  is  derived  from  the  ordinary 
source  of  the  saline  waters  of  lakes  which  have  no  outlet  except  that 
afforded  by  evaporation, — that  is  to  say,  from  the  so-called  sweet  waters 
which,  as  is  explained  io  the  account  of  Reh,  given  in  this  Chapter, 
deposit  under  certain  conditions  saline  matters  to  such  an  extent  in  some 
areas  as  to  make  cultivation  impossible.  Although  it  seems  to  be  just 
possible,  though  perhaps  not  very  probable,  that  research  by  borings  may 
yet  demonstrate  the  first  to  be  tiie  true  hypothesis,  still  the  facts,  as 
at  present  known,  on  the  whole  favour  the  last  hypthesis.  These  salt- 
producing  lakes  are  in  enclosed  drainage  basins.  As  already  stated,  the 
area  of  the  Sambhar  basin  is  2,:i00  square  miles,  and  the  prima  f'tcie  con- 
clusion is  that  the  salt  results  from  the  concentration  of  the  saline  matter 
which  follows  from  the  high  rate  of  evaporation. 

The  following  is  taken  from  a  report  by  Mr.  Adam  for  1870-71. 
The  specific  gravity  of  the  lake-water  during  the  past  rains  was  never 
less  than  that  of  sea- water,  namely,  1"03,  while  the  lake- water  on  the 
3Uth  July  gave  103.  In  August  it  was  the  same.  During  September, 
the  specific  granty  stood  at  1*0 i;  in  October,  it  rose  from  1'05  to 
1'07  ;  in  November,  it  varied  from  l'U8  to  I'lO;  in  December,  owing 
to  some  sligbt  showers  of  rain,  it  was  reduced  to  1*095  j  in  January,  it 
increased  from  Ml  to  1*14;  in  February,  it  increased  from  M5  to  1'2U, 
and  at  this  specific  gravity  salt  began  to  be  deposited. 

When  the  brine  reaches  18  operations  are  commenced,  according  to 
Mr.  Adam,  by  cutting  off  portions  of  the  lake  by  means  of  low  walls 
of  mud  and  grass.  The  salt  forms  in  a  crust  which  is  over  2  inches 
thick  on  the  fetid  lake-mud,  which  is  a  foot  in  depth.  The  labourers 
lift  this  by  placing  their  open  hantls  between  the  salt  and  the  mud  and 
throw  it  into  heaps,  which  are  afterwards  removed  to  store.  This  work 
lasts  from  March  till  the  commencement  of  the  rains  j  in  the  height  of 
the  hot  weather  the  lake  contains  no  water,  but  presents  a  dazzling 
roseate-white  efflorescence.  The  crystals  are  generally  in  the  form  of 
truncated  pyramids,  and  are  of  three  colours,  blue,  white,  and  red.     The 
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red  salt  is  not  mucli  esteemed,  and  the  price  obtained  for  the  blue  and 
white  varies  with  the  shade  and  perfection  of  the  crystalline  form.  The 
natives  evidently  hold  that  salt  loses  its  savoar  as  the  new  salt  of  the  year 
is  always  in  most  demand.  For  seventeen  years  before  1873  the  average 
outtam  had  been  from  Sambhar  6,90,000  maunds  (=25,346  tons),  and 
the  carriage  then  available  for  exporting  the  year's  sales  amounted  to 
8,00,000  bullocks,  66,000  camels,  18,000  carts,  and  6,000  asses.  At 
present  the  Sambhar  lake  has  communication  by  rail. 

In  1879  the  outturn  at  Sambhar  amounted  to  30,00,000  maunds 
(=110,204  tons).  This  increase  is  partly  due  to  the  improved  quality  of 
the  salt  produced  under  British  management,  but  it  is  perhaps  chiefly 
attributable  to  the  treaties  with  Native  Chieftains,  which  have  resulted 
in  the  closing  of  many  inferior  sources  of  supply. 

"  Sambhar  salt  has  hitherto  partially  supplied  the  States  of  Jaipur, 
Alwar  and  Kishengarh,  and  has  been  largely  imported  vid  Bhewani^ 
Delhi,  Agra  and  Jhansi  into  British  territory,  besides  mainly  supplying 
the  populations  of  the  northern  and  eastern  portions  of  Meywar^  the 
Haraoti  Agency,  and  Gwalior."* 

Didwana  Lake. — ^This  lake,  as  described  by  Mr.  Hacket,'  is  situated 
about  20  miles  to  the  west  of  the  Arvali  range  and  35  mil^  north-west 
from  the  Sambhar  lake.     It  is  about  4  miles  long  and  1^  broad. 

During  the  rains  there  is  about  a  foot  of  water,  but  this  soon  dries 
up.  The  origin  of  the  lake  is  similar  to  that  of  the  Sambhar  lake.  The 
mode  of  procuring  the  salt,  however,  differs  essentially ;  wells  are  sunk 
to  a  depth  of  15  feet  and  the  bottom  is  pierced  to  a  further  depth  of  2 
or  3  feet,  when  brine  suddenly  rises  with  an  evolution  of  sulphuretted 
hydrogen  to  within  4  feet  of  the  top,  and  stands  at  that  level,  indicating 
the  existence  of  a  certain  amount  of  hydrostatic  pressure  beneath  the 
layers  of  sand  and  sandy  calcareous  tufa  which  are  seen  in  the  well 
sections.  The  brine  is  baled  out  and  evaporated,  the  salt  being  produced, 
it  is  said,  at  the  low  rate  of  one  rupee  for  200  maunds  ! 

The  salt  from  hence  has  partially  supplied  the  northern  portions  of 
Jodhpur  and  Bikanir  and  has  been  imported  vid  Bhewani  in  considerable 
quantities  into  British  territory.' 

Kachor-Rewasa  Lake  is  about  30  miles  north  of  the  Sambhar 
lake.     The  outturn  in  1879  was  about  15,00,000  maunds. 
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Bombay. — Salt  is  manufactured  from  eea-water  on  the  coast  of  Bom- 
bay to  a  very  large  extent,  aud  in  the  year  ending  ^Ist  March  1880, 
there  were  415  salt  works'  open,  the  revenue  derived  from  which  exceeded 
15  millions  of  rupees.  This  gaJt  is  not  only  used  in  the  Presidency,  but 
is  also  lai^ely  exported  to  the  inland  provinces  and  even  occasionally  to 
Calcutta!  From  1802  up  to  last  year  (1880)  the  British  Government 
have  had  a  half  share  with  the  Nawab  of  Cambay  in  certain  salt  works. 
The  pans  covered  a  space  2  miles  long  and  a  quarter  of  a  mile  broad. 
These  works  have  now  been  closed  except  that  the  Nawab,  who  receives 
Rs.  40,000  annually  as  compensation,  is  allowed  to  manufacture  up  to 
500  maunds  for  the  use  of  his  Court. ^ 

Salt  used  to  be  manufactured  from  saliferous  soils  and  saline  waters 
ID  various  parts  of  the  Deccan,  bat  the  industry  is  probably  now  extinct^ 
though  carbonate  of  soda  and  saltpetre  are  still  manufactured. 

In  Cutch  the  naturally  formed  salt  on  the  Runu  might  be  obtained  in 
vast  quantities,  but  it  is  only  collected  to  a  small  extent  and  is  not 
exported ;  nearly  all  the  rocks,  soils  and  waters  of  Cutch  are  impregnated 
with  salt.' 

There  are  accounts  of  large  accumulations  of  salt  in  Sind,  but  they  do 
not  appear  to  have  been  used  as  sources  of  supply.* 

Mr.  W.  T.  Blanford*  has  described  a  very  remarkable  formation  of 
rock-salt  at  the  island  of  Hormuz  in  the  Persian  Gulf.  Formerly  salt 
used  to  })e  imported  from  thence  to  India. 

Afghanistan. — According  to  Captain  Hutton/  salt  from  three 
different  sources  used  in  his  time  to  be  sold  in  Kandahar.  The  first  was 
obtained  by  lixiviation  of  a  saliferous  soil  obtained  in  the  Pishin  valley; 
the  brine  was  evaporateti  by  boiling.  A  similar  salt  was  prepared  at 
Kuskh-i-nakud  on  the  road  to  Giriskh.  But  the  best  was  from  Garmsael, 
where  it  was  carried  down  in  solution  in  the  waters  of  a  stream  from  Uie 
bills,  which,  spreading  over  a  swamp,  evaporated  and  left  cakes  of  salt 
resembling  ice.  This  account  suggests  the  probability  of  the  existence  of 
rock-salt  in  these  hills.  Rock-salt  is  said  to  occur  in  Kobistan,  and  a 
sample  of  rock-salt  was  recently  received  from  Pare  Anguri  in  the  Chak- 
mani  country.^     The  occurrence  of  rock-salt  in  Afghanistan  is  curious  in 
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the  face  of  the  large  export  of  Kohat  salt,  which  takes  place  to  Kabul 
every  year,  ns  is  mentioned  below. 

Punjab. — While  sources  of  salt-supply  similar  to  those  oecnning  in 
other  parts  of  India  are  not  wanting  in  the  Punjab,  this  province  is 
distinguished  froa^  all  the  rest  by  possessing  enormous  deposits  of  rock- 
salt.  In  connection  with  the  fact  of  the  occurrence  of  these  deposits,  th« 
most  remarkable  circumstance  is  that,  so  far  as  is  at  present  known,  they 
do  not  all  belong  to  the  same  geological  age,  but  are  referable  to  very 
distinct  periods  which  are  widely  separated  in  time. 

During  the  past  year  ending  31st  March  the  weight  of  Panjab  salt, 
upon  which  inland  customs  duty  was  paid,  amounted  to  over  one  million 
and  a  half  of  maunds,  or  say  55,000  tons.  This  is  exclusive  of  the  salt 
manufactured  in  the  Delhi  division  from  brine;  it  only  includes  what  has 
been  raised  from  rock-salt  mines. 

The  rock-salt  deposits  admit  in  the  first  place  of  a  geographical 
arrangement  into  those  which  are  trans-Indus  and  those  which  are  cis- 
Indus.  In  the  trans-Indus  region  there  are  the  deposits  in  Kohat,  and 
there  are  also  deposits  close  to  Kalabagh ;  the  latter  are  merely  a  conti- 
nuation of  those  in  the  cis-Indus  Salt-range,  while  the  former  are  of  a 
totally  different  age.  It  will  be  most  convenient  to  describe  them  first, 
and  for  tliis  purpose  the  reports  by  Mr.  A.  B.  Wynne  and  Dr»  Warth' 
supply  all  the  re<juisite  information. 

Kohat  District. — Tlie  rock-salt  of  this  area  is  at  the  base  of  the 
sections,  no  older  rocks  l>eing  seen.  It  is  overlaid  conformably  by  gypsum, 
which  is  again  overlaid  by  rocks  of  nummulitic  age ;  as  no  fossils  have 
been  found  either  in  the  gypsum  or  the  salt,  their  age  may  be  regarded 
as  not  being  yet  settled,  but  the  presumption  is  that  there  is  uo  break  in 
time,  and  that  they  are  therefore  probably  of  eocene  age. 

In  this  region  the  salt  is  obtained  by  open  quanying,  not  by  mining  as 
in  the  Salt-range.  The  princii)al  quarries  are  at  Malgin,  which  have  been 
worked  from  time  immemorial ;  at  Bhadur  Khel,  opened  12  centuries  ago  , 
and  at  Jatta  opened  in  the  year  1650. 

At  Jatta,  Malgin  and  Narri  gunpowder  is  employed  for  blasting  the 
salt,  but  ot  Bhadur  Khel  and  Kurruk  it  is  obtained  in  slabs  which  arc 
detached  from  the  rock  by  pickaxe  and  wedge.  The  tools  used  by  the 
qnarrymen  are  a  pick  sledge  called  looivaff  12  to  20  aeers  in  weight ;  a 
smaller  pick,  soolai  j  a  crow  or  jumper  called  jubber ;  a  needle  for  the 
blasting  bore,  dk  ;  a  spoon  to  clear  the  bore-hole,  knrmndi  ;  and  a  haud- 
barrow  called  bangai. 
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The  Bhadur  Kbel  slabs  called  tnbda  are  all  of  the  same  size,  and  do 
not  require  to  be  weighed.  They  are  squares  with  a  side  of  13  inches  and 
4  inches  thick,  the  stratification  of  the  salt  beinjS^  availed  of  by  the  quarry* 
men.  One  man  can  cut  from  16  to  JJO  of  tlieso  fnblts  in  a  day,  and  in  this 
form  the  salt  is  sold.  At  Jatta  the  outcrops  of  salt  extend  over  a  spacu 
half  a  mile  long  and  a  quarter  of  a  mile  broad ;  in  one  place  a  thickness  of 
100  feet  of  salt  was  seen,  but  the  base  was  concealed.  At  Malgin  the  salt 
crops  out  for  a  distance  of  3  miles. 

The  quarries  have  generally  a  vault  shape  in  order  to  support  the 
superincumbent  debris,  and  the  system  of  working  seems  to  be  dangerous 
and  wasteful.  From  the  two  alx)ve-uamed  localities  the  average  outturn 
is  1,00,000  maunds  each  per  annum. 

The  quarries  at  Bhadur  Khel  are  situated  along  outcrops  fully  4  roile« 
in  length  and  from  a  quarter  to  half  a  mile  in  breadth.  In  the  eastern  half 
of  this  tract,  the  salt  shows  in  a  great  number  of  outcropping  exposures, 
while  the  western  half  is  almost  entirely  of  naked  salt,  patches  of  gypsum 
or  earth  concealing  it  being  rare.  In  one  place,  whore  best  exposed,  the 
thickness  is  at  least  100  feet,  most  of  it  fit  for  excavation.  The  only 
admixture  consists  of  occasionally  interspersed  clay ;  no  foreign  salts  are 
included. 

The  authors  quoted  give  very  fidl  details  regarding  individnal  quarries, 
from  which  it  is  unnecessary  to  quote  further  here.  There  are  said  to  be 
335  distinct  exposures  of  rock-salt,  exhibiting  approximately  8,0^2,996 
superficial  feet  of  salt.  Taking  an  average  thickness  of  200  feet  for  the 
whole  area  in  which  the  salt  is  known  to  occur,  the  total  available  quantity 
is  estimated  at  40  millions  of  maunds,  which,  allowing  for  waste,  would  at 
the  present  annual  rate  of  consumption  last  for  40,000  years. 

The  Government  tax  on  this  salt  is  trifling,  and  its  importation  east- 
ward of  the  Indus  is  prevented  by  the  customs  line.  It  supplies  a 
computed  area  of  ti0,00(l  square  miles,  including  most  of  the  Derajat  and 
a  large  part  of  Afghanistan, — even,  it  is  said,  rea<:>hing  Kandidiar. 

BanDU  District:  Kai.aBagh. — The  salt  at  this  locality  is  of  the  same 
age  (silurian  ?)  as  that  about  to  be  described  in  the  cis-Indus  Salt-range, 
and  it  is  therefore  presumably  much  older  than  that  in  Kohat.  Ac- 
cording to  Mr.  Wynne'  it  has  been  traced  along  the  Lun  nafa  for  a  dis- 
tance of  aliout  2  miles  from  the  Indus,  opposite  Mari,  and  is  reported 
to  occur  again  9  miles  up  the  valley. 

Tlie  salt  is  worked  by  open  quarries  and  small  drifts,  and  the  beds, 
wbich  are  worked,  vuiy  from  4  to  lU  or  :iO  feet  in  thickness,  and  tbeiv  are 
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alternations  of  good  and  bad  salt.  Much  of  this  salt  occurs  in  a  crystal- 
line condition,  transparent  cubes  ol:  several  inches  on  the  side  bein^ 
obtainable.  The  age  of  the  salt  which  is  reported  to  exist  higher  up 
the  glen  is  not  yet  known.  The  salt  raised  at  Kalabagh  is  carried 
eastwards  or  across  the  Indus,  being  subject  to  the  high  duty. 

Salt-Range. — ^The  rock-salt  of  the  Salt-range  is  the  oldest  known 
deposit  of  salt  in  the  world.  As  it  underlies  beds  containing  silurian 
fossils,  it  belongs  to  a  period  not  younger  than  silurian.  Thus  it  ia 
much  moreancieut  than  the  Kohat  salt,  which,  as  has  been  above  stated, 
is  probably  of  eocene  age. 

In  consideration  of  the  high  importauce  of  this  deposit,  the  following 
somewhat  lengthy  quotation  from  Mr.  Wynne  ^  is  given.  Not  only  does 
it  contain  Mr.  Wynne's  own  original  remarks,  but  it  is  a  resume  of  the 
observations  by  others,  especially  of  those  by  Dr.  Warth : — 

**  It  appears  that  the  mines  were  formerly  much  more  numerous,  and, 
under  native  management,  merely  consisted  of  small  openings  at  firet,  whicH 
were  afterwards  nnsysteraatically  enlarged,  until  they  became  dangerous. 
Since  the  annexation  of  the  Punjab,  it  has  been  found  useful  for  facility  in 
collecting  the  revenue,  to  lessen  their  number  greatly,  and  still  farther 
reduction  has  been  proposed  or  lately  carried  out. 

*•  The  mines  open  during  the  progress  of  the  Geological  Survey  were 
those  of  Khewra,  Sardi,  and  Varcha,  on  the  eastern  side  of  the  Indus,  and 
the  open  qmuries  of  Kalabagh  beyond  that  river.  Besides  these,  an  expori' 
mental  driving  was  being  sunk  (and  is  intended  to  be  carried  on  from  time 
to  time)  beneath  the  southern  clifEs  of  Mount  Tilla,  in  order  to  prove  the 
existence  or  absence  of  workable  salt  within  reacli,  that  point  being  so 
much  nearer  than  the  others  to  the  Northern  State  Railway.  Up  to  the 
latest  information  the  salt  had  not  been  reached. 

"  The  largest  mines  of  the  range  are  the  Mayo  mines  at  Ehewra,  so 
called  to  commemorate  the  visit  of  a  late  Viceroy.  In  these,  vast  but 
dangerous  chambers  had  been  loft  by  the  old  Sikh  workmen,  who  either 
knew  or  cared  so  little  how  or  whei-e  they  worked,  that  two  hea\7'  pillara 
supporting  the  roof  of  one  excavation  were  left  resting  upon  a  thin  crust 
of  salt,  spanning  another  large  chamber  below.  It  has  been  remarked  that 
most  of  the  roof -falls  of  the  mines  took  place  at  night,  and  the  miners,  who 
work  only  in  the  day-time,  may  have  relied  on  this  poor  chance  of  safety. 
As  it  was  a  matter  of  great  uncertaiuty  how  long  these  pillars  would  remain 
supported,  instead  of  supporting  the  roof  above,  their  removal  was  ordered, 
when  suddenly,  on  Sunday  the  5th  of  June  1870,  one  of  them  broke  through, 
carrying  with  it  a  largo  part  of  the  roof,  and  forming  a  crater  on  the  hill 
in  which   the  mines   are  situated.     The  fallen  mass  of  salt  and  marl  w«s 
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eBtimated  (by  Dr.  Warth)  at  half  a  lakh  of  mnnnds,  from  which  tho 
damage  that  might  have  been  done,  had  there  been  miners  at  work  beneath, 
may  be  imagined. 

*'  The  present  state  of  these  mines  differs  widely  indeed  from  that  which 
existed  during  the  earlier  visits  of  the  Geological  Survey  Officers  to  the 
place,  and  still  more  from  the  state  of  thijigs  described  by  Dr.  Fleming 
and  Mr.  Theobald  or  previous  writers.  When  I  was  going  through  them 
first  with  the  Deputy  Collector  formerly  in  charge,  his  kindly  warnings 
not  to  remain  in  certain  places  were  repeatedly  given,  but  now,  even  though 
the  mines  are  far  fi'om  being  everywhere  safe,  the  alteration  in  them  is  so 
great  that  an  air  of  security  is  derived  from  the  regularity  of  the  new 
works,  and  the  business-like  manner  in  which  the  operatioDfl  are  being 
carried  on.  Since  Dr.  Warth  took  charge,  this  great  improvement  has 
been  effected,  though  improvements  upon  the  old  systemless  plan  of 
working  were  of  course  in  progress  ever  since  the  British  rule  began, 
as  evidenced  by  the  very  names  of  workings  like  "Thompson's  drift,'* 
"Purdon's  tunnel,"  **  Mathew's  drift,"  &c.  Only  a  few  years  since,  en- 
trance to  the  mines  was  gained  down  a  sb'ppery  incline,  or  through  an  adit, 
but  now  one  can  drive  in  upon  a  tramway,  through  a  spacious  passage,  and 
observe  a  system  of  regular  pillars  and  openings,  with  various  inclined  and 
other  drifts,  leading  to  a  main  passage,  through  which  the  salt  is  taken 
out  of  the  mine  in  trucks.  In  former  days,  the  two  principal  mines  hero 
(th.e  Baggi  and  Sujewal  mines)  were  disconnected,  and  both  of  them  ill 
ventilated  :  a  passage  has  now  been  open  from  one  to  the  other,  which  not 
only  gives  a  fine  rush  of  air  through  the  mine,  but  offers  an  additional 
means  of  escape  for  the  numerous  workmen  in  case  of  danger. 

"The  old  chambers,  however,  still  remain  to  contrast  with  the  new 
system,  and  when  lighted  up  the  effect  of  these  great  caverns  is  very  pic- 
turesque, particularly  under  tlio  influence  of  coloured  lights  or  that  from 
the  magnesium  lamp ;  but  it  is  only  in  very  strong  lights  that  the  brilliant 
reflections  from  the  facets  of  cry'^stals  become  at  all  prominent,  though  fre- 
quently spoken  of  by  previous  writers,  before  blasting  powder  was  so  much 
used ;  nor  are  stalactitic  masses  so  common  as  one  might  expect. 

"  The  method  of  working  in  these  Baggi  and  Sujewal  mines  is  described 
by  Dr.  Warth  in  his  first  paper  previously  referred  to,  from  which  the  fol* 
lowing  is  condensed  : — 

"  •  The  miners  work  in  three  different  ways  in  the  Baggi  mine.  First 
forward  from  a  certain  floor  into  the  rock-salt.  This  is  called  the  katti 
(kuUee),  and  is  the  most  troublesome.  It  is  nearly  as  hard  as  cutting  drifts 
there  being  a  good  deal  of  pick-work  before  the  men  can  blast.  As  the 
katti  is  carried  forward,  they  gradually  work  the  roof  down,  sitting  upon 
tripods,  some  of  which  are  25  feet  high.     This  is  called  chliat  (chuti)  '  work. 


•  Frmn  the  worJ  pn>riounc«.«d  "cliHtt,"  iiientitiig  nm(  or  ceiliug^. 
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When  they  have  advanced  with  the  kaiti  aad  chhat,  ihej  begin  to  work 
from  behind  dowm wards.  This  is  called  the  jiar  (?/»»r),  or  doep  working. 
This  par  ought  to  be  very  easy  work,  but  it  ia  not  because  from  want  of 
ppace  it  cannot  be  carried  on  in  regular  advancing  steps ;  instead  of  this, 
tlie  miners  work  the  par  directly  downwards  over  areas  marked  out  to 
them,  both  in  the  Baggi  and  Sujewal  mines.' 

**  Dr.  Warth  proposed  to  operate  in  a  cantmry  manner,  namely,  to  work 
the  kaiti  on  the  roof  of  the  salt  seam,  and  the  remaining  salt  down  to  the 
bottom  as  par  by  steps.  The  improvements  are  being  gradually  carried 
out,  and  the  appearance  of  the  mine  is  yearly  changing  in  consequence,  so 
t-hat  in  course  of  time  there  is  little  doubt  the  system  will  become  as  per- 
fect as  possible.  Not  very  long  ago  gunpowder  was  never  used  ;  now  its 
advantages  are  fully  felt,  and  Dr.  Warth  has  fired  some  large  blasts  sepa^ 
rating  hundreds  of  maunds  of  the  salt  at  once  with  perfect  safety. 

•'  From  one  of  the  smaller  mines  called  Phurwalla,  men,  women,  and 
children  had  carried  full  40  laklis  of  maunds  of  salt  up  a  narrow  steep  aad 
crooked  drift,  and  from  the  whole  Mayo  mines  Dr.  Warth  estimates  the 
gross  amount  of  salt  removed  at  300  lakhs  of  maunds  ;  but  notwit>usi«nding 
the  length  of  time  these  mines  have  been  extensi^'ely  worked,  and  though 
each  season  adds  a  concentric  belt  to  the  excavated  area,  they  show  aa  yet 
no  signs  of  becoming  exhausted.* 

**  In  order  to  facilitate  the  carriage  of  the  salt  from  the  miner?,  Dr 
Warth's  tramway  has  been  extended  to  the  mouth  of  the  gorge,  and  thenctj 
B  wire-rope  tramway  hiu»  been  constructed  under  the  superintendence  of 
Lieutenant  DeWalski,  R.E.,  to  the  village  of  Chak  Niaam,  on  the  south- 
em  bank  of  the  Jhelum,  above  Pind.Dadan.Khan,  and  10  miles  from  the 
Khewra  gorge.  This  has  been  for  a  few  months  completed,  and  is  Occa- 
sionally in  working  ortler,  but  difficulties  have  had  to  be  contended  with  in 
the  unusual  length  of  the  line,  and  the  effect  of  the  water  of  the  country 
upon  the  boilers  of  the  engines  that  supply  the  motive  power.  When  fairly 
at  work,  this  tramway  will  be  an  important  aid  in  the  rapid  distribution  of 
the  salt  by  means  of  the  Northern  State  Railway. 

"  The  Sardi  mines  to  the  west  (10  miles  or  so  north-westward  from 
Pind-Dadan-Khan)  are  smaller  and  less  favourably  situated  for  working, 
being  sunk  below  the  bottom  of  the  glen  instead  of  in  a  hill-side  like  thoee 
of  Khewra.  They  were  more  recently  opened  than  the  latter,  and  wore 
originally  constructed  on  a  better  plan,  flights  of  steps  being  cut  out  of 
the  salt,  and  the  roofs  supported.  Owing  to  their  low  situations  they  hhve 
been  at  times  stopped  by  access  of  water,  and  I  believe  they  are  now  alto- 
gether closed. 

**  The  Vaicha  (or  Wnrcha)  mine  is  in  the  bill  on  the  rtg^ht-hand  side 
of  the  Varcha  gorge,  about  .HO  miles  west-north-west  from  Shahpur.     The 

•  For  verj  full  tlescriptioui  of  the  niiucR.  mode*  of  working,  outturn,  4c.,  Dr.  WuriU't 
pttpert  may  Ve  referred  t*j, 
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mine  is  at  a  considerable  elevation,  and  is  large,  thoagli  only  about  20  feet 
of  salt  are  excavated  out  of  abed  of  much  greater  tliickness,'  the  remainder 
of  which  18  not  saflBciently  good  for  commercial  purposcH  at  tbo  Sak-raugc. 
There  are  large  remains  of  old  Sikh  workings  and  great  natural  shafts  or 
vertical  water.conrses.  The  old  workers  here,  as  elsewhere,  left  the  roof 
unsupported,  and  it  is  falliog  in,  but  in  the  modem  mine  this  is  provided 
agaiDHt.  While  the  salt^bed  continues  to  dip  as  it  at  present  does  20°  to 
north-west,  no  alteration  in  the  mode  of  working  (according  to)Dr.  Warth) 
will  be  needed.  The  mine  is  well  ventilated  and  dean,  and  has  two  modes 
of  ingress,  but  no  low-level  water  escape. 

"The  Kaiabagh  workings  are  all  *at  day-light/  in  a  thick  group  of 
salt-beds,  mnging  from  4  to  10  or  even  20  feet  each.  They  run  along  the 
right  side  of  the  Lun  or  Gossni  nala  (or  Dning  gorge),  the  salt  l)eing 
found  to  extend  from  the  base  of  the  hill  as  high  up  ad  200  foet,  but  the 
beds  are  not  all  snflBciently  good  to  be  worked,  20  feet  being  the  largest 
known  thickness  of  a  workable  salt-bed  here.  AH  the  beds  dip  west  at 
nearly  70°.  The  salt  ontcrop  extends  for  some  2  miles  up  the  glen,  and 
there  are  fourteen  working  places  or  qoarries.' 

"  Besides  those  mentioned  there  are  numbers  of  old  mines,  abont  which 
nothing  is  known,  while  some  that  have  been  inspected  were  found  to  pro- 
mise large  supplies  of  salt.  Several  of  the  old  mines  occur  in  the  Jutana 
and  Kosak  beats,  four  in  the  Makrach  beat,  three  in  that  of  Malot ;  eight 
In  Sardi  beat,  four  in  the  Nilawan  ravine,  three  in  the  hills  about  Musa- 
khel,  and  several  at  Mari. 

"  The  old  Jutana  mines  were  being  worked  when  Dr.  Jameson  visited  the 
Salt-range  in  1843,  and  had  then  been  open  respectively  twenty,  thirty,  and 
thirty -five  years.  The  descent  into  the  body  of  the  mine  was  accomplished 
by  steps  cut  in  the  salt,  and  the  workings  seem  to  have  been  large,  but  as 
irregular  as  usual  in  the  Sikh  excavations.  The  salt  was  removed  in  masses, 
two  of  which  were  a  load  for  a  camel ;  also  in  smaller  pieces  with  which 
to  load  oxen.  The  miners  were  paid  one  anna  per  maund  for  extracting  the 
salt,  and  this  was  sold  for  a  rupee  per  pakka  maund.  The  price  of  a  camel, 
load  was  Rs.  6  to  8,  and  before  it  reached  Amballa,  paying  hire,  duty,  Ac., 
it  cost  from  Rs,  8  to  20.* 

"  The  best  idea  that  can  be  given  of  the  quantity  of  salt  produced  by  the 
Salt-range  mines  will,  perhaps,  be  obtained  from  the  value  according  to 
the  subjoined  abstract  of  the  receipts  for  fonr  years  (taken  from  the  report 
on  the  administration  of  the  Inland  Customs  Department  for  the  official 
year  1870-71,  page  147).  The  rate  at  which  the  salt  is  sold  at  the  mines  is 
Be.  3-1  per  maand*: — 

'  Dr.    Warth  ranwka   that  »ho  mH.  nunea  of  Cb«fthire  ««  hdng  excArtkted  in  the  ianw 
thioknMi  m  the  Varcha  bed,  namely  SO,  feet. 

»  Dr.  Watth.    Appcndut,  Inland  Cuatoma  Beporta,  1869'70  and  1870-71. 

*  Dr.  Jamcaon'a  Report,  Jour.  Am.  Soc.  Bengal,  Vol.  XXII,  p.  183. 

*  tin.  d-l^axx  aliilliuga  aud  one  and  a  half  pence.    A  mauiul  b  eqiml  tu  82  Iba. 
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Beceiptsfrom  the  Salt-Range  Mines. 


Nam  18  ow 

Mum. 

Tbam. 

Majo. 

Sardl. 

Varcha. 

Kalabagh. 

Total. 

Rs. 

Rs. 

Rs. 

Rs. 

Rs. 

1867-68 

28,97,530 

- 

1,91,819 

2,83,783 

2,16,189 

86^,321 

1868-68 

29,10,338 

2,50,606 

4,16,292 

2,03,446 

87^^1 

1869-70 

86,08,171 

4,26,485 

3,99,866 

1,61,946 

44,91,468 

1870-71 

27,99,092 

4,20,686 

4,46,040 

1,99,684 
Total    . 

86,64,402 

1,66,26,762 

This  total  (taken  at  par)  is  equal  to  £1,552,576,  or  an  annual  average 
amonnting  to  the  large  sum  of  £388,144.'  It  appears  from  the  same  report^ 
page  15,  that  the  average  amount  of  salt  cleared  from  the  depdts  during  the 
ahove  years  was  12,91,148  mannds. 

"  With  regard  to  the  continuity  of  the  salt-beds,  the  indications,  so  far 
as  can  be  judged  at  present,  point  to  the  occurrence  of  several  sets  of  beds, 
rather  than  the  extension  of  any  one  group,  and  the  quantity  of  salt,  as 
now  known  or  exposed,  probably  bears  only  a  small  proportion  to  that 
which  is  concealed,  or  which  may  have  been  destroyed.  Mines  have  been 
worked  along  the  range  from  periods  so  remote  that  their  dates  cannot  be 
ascertained,*  and  very  much  of  the  salt  has  been  both  naturally  and  arti- 
ficially removed,  yet  if  the  present  outturn  were  increased  many  times,  the 
supply  might  still  be  considered  inexhaustible,  so  far  as  quantity  is  con- 
cemed.  The  salt-marl  appears  so  frequently  that  its  continuiiy,  for  a  dis- 
tance of  134  miles,  more  or  less,  can  hardly  be  doubted,  and  it  occupies  a 
breadth  which,  on  the  same  sort  of  evidence,  may  be  fairly  assumed  at  from 
4  to  5  miles,  while  its  reappearance  on  the  north  side  of  the  range  in 
two  places  would  indicate  its  underlying  the  mountains  everywhere,  with  a 
breadth  of  from  12  to  16  miles,  or  it  may  extend  to  a  much  greater  width. 

1  This  is  the  average  taken  from  the  above  figxires ;  that  given  by  Mr.  Wright,  the  for- 
mer local  head  of  the  Salt  Department,  is  smaller  by  nearly  £6,600,  but  he  may  have  de« 
ducted  some  working  expenses  of  the  Department. 

*  "Dr.  Fleming  records  that  the  mines  were  first  worked  in  the  reign  of  Akbar,  and 
mention  is  made  of  them  in  the  Ain-i-Akbari,  but  this  is  all  the  information  exbting  upon 
the  subject.  The  native  tradition  is  that  Akbar  was  informed  of  the  existence  of  salt  by  a 
certain  Asp  Khan  on  condition  of  his  receiving,  as  a  reward,  during  his  life-time,  a  sum 
equal  to  the  whole  of  the  wages  of  the  miners  employed  in  digging  it  Salt  was  sold  in 
Lahore  during  the  reign  of  Akbar  at  the  rate  of  6  annas  per  maund."~Ptoiyai .  Govern- 
ment Oazefteer,  JAelam  District. 
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Allowing  a  breadth  of  5  miles,  this  estimate  gives  an  area  of  salt-boaring 
marl  G70  squaro  milcB  in  ertont,  in  which  the  salt-zones  vary  from  nearly 
100  to  275  feet  in  thickness,  separate  beds  or  groups  of  beds  of  salt,  where 
the  size  of  the  bands  collectively  is  least  known,  having  tliickneases  of  20^ 
30  and  40  feet. 

"  Excepting  for  about  12  miles  in  length,  at  the  eastern  end  of  this  area, 
8alt  is  seen  or  known  to  exist  within  almost  every  mile  where  the  marl  is 
fairly  exposed,  so  that  although  little  or  nothing  is  known  os  to  the  manner 
in  which  the  salt-zones  are  laterally  extended  or  terminated,  the  quantity 
of  the  mineral  present  must  be  enormous  if  it  is  considered  that  (a  roughly- 
shaped  cubic  foot  of  salt  weighing  about  136  pounds)  the  solid  contents  of 
a  bed  of  salt,  only  30  feet  in  thickness  and  1  square  mile  in  area,  would 
amount  to  over  50,778,514  tons. 

"The  detailed  accounts  of  the  mines  given  in  publications  already  re- 
ferred  to  being  very  copious,  it  has  been  sought  to  convey  here  a  fair  gene- 
ral impression  of  the  deposits,  rather  than  reiterate  all  the  details  previa 
ously  published. 

•'  The  new  facts  ascertained  by  the  latest  exjjlorations  are  chiefly  these  :— 

(L)  Where  the  workings  have  been  most  carefully  surveyed  the  salt 
has  been  found  in  zones  consisting  of  several  distinct  beds 
within  distances  of  about  600  feet,  200  feet,  and  leas,  of  the 
top  of  the  marl  and  gypsum. 

(2.)  That  the  arrangement  and  thickness  of  the  beds  and  the  quantity 
of  marl  and  gypsum  (more  or  less  intermixed)  intervening  be- 
tween the  salt-zones,  and  between  the  group  superior  to  tlio 
marl  and  the  salt  itself,  indicate  more  vai'iability  than  sameness 
of  the  exact  horizon  upon  which  the  salt  is  found. 

(3.)  That  there  seems  to  be  a  larger  development  of  so-called  bad  salt 
in  the  western  than  in  the  eastern  part  of  the  district  (which 
bad  salt  would,  however,  in  other  districts  bo  extremely  valu- 
able). 

(4,)  The  recent  and  most  detailed  explorations  by  the  Salt  Depai-tmcnt 
have  been  chiefly  confined  to  the  old  workings,  and  other  beds 
of  salt  have  not  been  sought  for,  except  at  Mount  Tilla,  where 
none  has  yet  been  found.  Without  regular  prospecting  opera- 
tions it  would  be  impossible  to  hope  for  information  about  the 
salt-rock  in  this  or  other  directions,  partly  on  account  of  the 
tendency  which  the  marl  has  to  conceal  tlie  enclosed  salt;  and 
whether  the  lower  part  of  this  "  red  marl"  does  or  does  not  also 
contain  valuable  beds  of  salt  is  quite  unknown. 

"  Should  it  ever  become  necessary,  the  best  phu^,  perhaps,  for  ascertain- 
ing this  would  be  the  ground  about  Chambal  hill  (west)  between  the  Jutna 
and  Kusak  beats. 
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•*  Though  the  method  of  mining  the  salt  is  being  improved,  and  arrange- 
mente  for  its  tmnsport  by  wire- tram  way  and  rail  from  Khewra  are  in  pro- 
gress, the  old  system  of  carriage  still  exists  elsewhere,  together  with  the 
waate  this  occasions.  The  salt  ia  reduced  to  rough  spherical  lamps,  to 
prevent  the  comers  being  nibbed  off  daring  its  rough  transport  in  open 
nettings  or  hair-cloth  bags.  So  long  as  the  merchants  prefer,  and  can  ob- 
tain, the  salt  in  blocks,  it  does  not  seem  likely  that  any  steps  will  be  taken 
to  utilise  the  enormoiis  quantity  of  valuable  salt  now  wasted." 

Gurgaon  District :  Sultanpur  aitd  Nuh. — Formerly  these  sources 
of  salt-supply  were  of  greater  importance  than  they  are  likely  to  be  in 
the  future,  as  the  cost  of  manufacture  is  comparatively  high,  and  the 
facilities  for  carriage  to  the  principal  markets  are  less  than  those  enjoyed 
by  the  Sambhar  salt;  at  the  same  time  the  quality  of  the  salt,  especially 
that  made  at  Nuh,  is  inferior.* 

The  sources  of  supply  in  tbis  case,  as  in  some  of  the  adjoining 
States  of  Kajputaua,  are  brine  wells  or  surrSj  the  water-level  in  which  is 
from  14  to  23  feet  below  the  surface,  sometimes  even  40.  The  brine  is 
evaporated  by  sun  heat  in  shallow  chunam-lined  pans,  which  are  oon* 
nected  with  one  another,  and  the  brine  is  passed  through  the  series  in 
from  12  to  20  days,  according  to  season.  The  chief  art  iu  the  manufac- 
ture, where  foreign  salts  are  included,  consists  in  running  off  the  mother 
liquor  from  the  last  pan  at  the  right  moment  when  the  salt  or  sodium 
chloride  has  crystallized  out,  but  while  the  other  more  soluble  salts  are  still 
in  solution;  where  this  is  not  done  the  salt  is  impui*e,  and  brings  a  low 
price.*  Fifteen  years  ago,  the  outturn  and  sale  of  salt  from  these  sources 
used  to  exceed  half  a  million  of  maunds,  but  the  trade  appears  to  be 
becoming  extinct. 

Mandi  State. — The  geological  age  of  the  salt  deposit  in  this  State 
has  been  discussed  in  a  previous  part  of  this  work  (Part  II,  p.  558), 
the  conjecture  being  that  it  is  probably  of  nummulitic  age,  though  the 
beds  including  it  have  become  so  disguised  as  to  present  apparent  affini- 
ties rather  to  the  older  lower  Himalayan  rocks  than  to  the  tertiaiies  of 
the  sub-Himalayan  series.  The  salt  is  of  a  dark-purplish  hue,  is  opaque, 
and  contains  about  25  per  cent,  of  earthy  matter  according  to  Mr.  Medli- 
cott.'  Small  nests  of  pure  crystalline  salt  occur  but  rarely,  and  they 
»T0  reserved  for  the  use  of  the  Raja  and  his  family.  The  mines  or 
quarries  are  at  Drang  and  Guma,  14  miles  apart.     Those  mines  used  to 


*  Report  on  Inland  Customs  Dcpnrtmcnt,  1879-80.  p.  12. 

*  Op.  eit.,  1867-08.    p.  82.     A  full  occouitl;  of  t)iia  nuujufiicturt'  \n  eivtn  in  Pmijub 
ProductK.  p.  74, 

*  Meur.  O.  S.  I..  Vol.  HI,  pt,  2.  p   60. 
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l>e  worked  in  the  most  slovenly  fashion,  being  open  to  tJie  dminage  and 
fal]ing-in  every  year  durioij  the  rains. 

Under  the  present  existing  armngemente  more  system  has  1)ecn  in- 
troduced. In  1879-80,  the  total  quantity  of  salt  raised  amounted  to 
],^0,6a  maunds,  of  which  78,841  maunds  went  to  British  territory  and 
51,781  to  Native  States.  In  future,  the  British  Government  is  to  re- 
ceive two-thirds  of  the  duty  on  gross  sales,  and  the  Mandi  darhar  one- 
third.i 

North- West  Provinces. — Salt  used  formerly  to  he  manufactured 
to  a  considerable  extent  in  several  districts  of  the  North-west  Prrjvinces 
from  saline  soils,  which,  as  they  contained  other  salts  besides  sodium 
chloride,  yielded  an  impure  product,  including  sodium  and  magnesium 
sulphates,  sodium  carbonate,  nitre,  &c.  In  the  Bulundshahr  and  Muzaf- 
farnagar  district*,  especially  in  the  vicinity  of  the  Jamna,  this  industry 
was  most  active.  Information  on  the  subject  will  be  found  in  the  papers 
quoted  in  the  list  of  references  (Appendix  E),  and  especially  in  the  North- 
West  Provinces  Gazetteer.  A  certain  amount  of  salt  from  Thibet  crosses 
the  Himalayas,  and  is  used  in  the  Hill  States,  and  to  some  extent  in 
Kumaun  and  Garhwal.  In  1870  the  estimated  imports  into  these  dis- 
tricts amounted  to  9,000  maunds;  it  is  brought  with  borax  and  is 
obtained  in  the  same  regions. 

Assam. — formerly  salt  used  to  l^e  manufactured  to  some  extent 
from  the  brine  springs  which  often  occur  in  association  with  tliose  of 
petroleum,  as  has  been  mentioned  in  Chapter  II.  At  Borhat  and  Sadiya, 
in  Lakhimpur,  there  are  for  instance  springs  which  were  formerly  worked ; 
those  at  the  latter  io  1H(19  yielding  1,0(1,000  maunds  of  salt,  and  a  revenue 
of  Rs.  40,000.*  In  Cachar  the  right  of  manufacturing  salt  is  still  leased 
out,  but  the  revenue  from  this  source  has  much  decreased  of  late  years, 
and  the  indigenous  article  has  now  almost  given  way  to  English  and 
other  salt  imported  from  Bengal.  The  lease  in  1875-76  only  brought 
Rs.  87,  In  the  Nowgong  district,  the  existence  of  a  r^ilar  salt  mine 
at  Jungthang  has  been  reported,  but  it  perhaps  requires  confirmation.* 
In  the  old  manufacture  the  vessels  used  for  boiling  down  the  brine  were 
simply  the  intemodes  of  bamboos  which  were  pared  so  thin  that  the  per- 
colation of  the  moisture  prevented  their  burning. 

Ohittagong. — Salt-licks  and  salt-springs  are  known  to  exist  in 
several  parts  of  Chittagong.  Of  the  former  the  principal  are  at  Bhan- 
gamura  in  the  north  and  Mawdang  Rlang  in  the  east  of  the  Chittagong 

*  Reimrt.  InUnd  Ciutoius  Department,  1879-80.  |».  10. 

*  Robinson's  Astiam,  p.  33. 

*  Statifltical  Account  ol  AflSMii,  VuU.  I  mul  II. 
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Hill  Tracts.  Two  salt  spring's  flow  from  the  Lungshem  raog«  at  lat, 
23°  28'  and  lat.  23°  17'  and  about  lat.  23°  37' ,  under  the  true  Sorphuel  hill 
a  third  is  reported.  The  Kukis  manufacture  salt  by  Ixiiling  down  the 
water  in  conical  earthen  pots  arransfed  in  rows  over  a  low  flat  fire-place. ' 

Burma:  Pegu  Division.— Mr.  Theobald^  has  published  a  special 
account  of  the  salt  springs  of  Pegu,  which  are  distributed  at  79  different 
localities,  all  of  which  are  situtated  in  tertiary  rocks,  miocene  and  eocene. 
No  salt  springs  are  known  on  the  western  side  of  the  Arakan  range,  nor 
on  the  eastern  side  of  the  Pegu  range.  Formerly  there  was  a  considerable 
manufacture  of  salt  from  the  brine  obtained  from  these  sources,  but  of 
late  years  it  has  to  a  great  extent  ceased  owing  to  its  inability  to  compete 
with  salt  manufactured  on  the  coast  and  foreign-imported  salt. 

The  brine  used  to  be  evaporated  in  iron  pans  or  in  earthen  pots,  the 
process  being  somewhat  different  from  that  in  practice  on  the  coast,  where 
the  ovens  are  of  a  beehive  shape,  the  earthen  vessels  resting  in  holes  all 
over  it,  but  iron  pans  are  also  sometimes  used  on  the  coast. 

According  to  the  British  Burma  Gazetteer  this  coast  manufacture, 
which  used  to  be  practised  from  Akyab  to  Mergiii,  is  being  extinguished 
by  the  imported  article,  though  still  holding  its  own  in  Southern  and 
Central  Tenasserim.   The  duty  levied  is  much  smaller  than  in  India. 

Upper  Bunna. — Even  in  Upper  Burma,  according  to  Major  Strover,* 
imported  salt  is  making  its  way  against  that  produced  from  indigenous 
sources.  Extensive  salt-fields,  the  exact  nature  of  which  is  not  quite  dear, 
are  said  to  exist  at  Simpagah  above  Mandalay,  and  some  of  the  hill 
people  like  to  mix  this  salt  with  that  obtained  from  Europe. 

Sodium  Carbonate,  or  more  properly  the  hydrous  sodium  car- 
bonatCj  is  generally  spoken  of  simply  as  carbonate  of  soda.  It  is  found 
as  an  efflorescence  in  certain  soils,  and  is  deposited  from  the  waters  of 
some  lakes- 

The  principal  uses  of  this  salt  are  oonnected  with  bleaching,  washing, 
dyeing,  and  the  manufacture  of  soap  and  glass,  &c.  Owing  to  the  large 
quantities  of  sodium  carbonate  which  are  now  manufactured  from  common 
salt,  the  natural  product  has  fallen  very  much  in  value ;  formerly  it  use<l 
to  be  prepared  from  kelp,  but  the  other  products  of  kelp,  such  as  iodine, 
are  now  of  chief  importance  in  that  industry. 

In  India  sodium  carbonate  not  only  occurs  in  certain  areas  in  the 
soil,  but  it  might  be  largely  manufactured  in  those  regions  where  nuU 

»  8t»ti«t5cal  Account  of  Bi-ngJil.  Vol.  \1,  p.  29. 
J  •  Records,  G.  8. 1.,  Vol.  VI,  p.  67. 

*  ludUui  Boonomi«t,  Vol  V,  p.  li. 
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efflorescence  abounds,  more  especially  in  those  where  this  efflorcBcenoe 
consists  largely  of  sodium  sulphate,  which  by  calcination  with  kankar 
and  charcoal  might  be  changed  into  the  carbonate ;  in  those  cases  where 
sodium  chloride  is  intermixed  the  addition  of  eulphuric  acid  would  be 
necessary  to  get  rid  of  the  chlorine. 

The  Lonar  lake  in  Berar  is  the  most  considerable  natural  soarcc  of 
sodium  carbonate  in  India. 

Madras :  Salem  District :  Baramahal. — In  this  region,  according  to 
Captain  Campbell, '  crude  carbonate  of  soda  occurs  in  patches  of  soil  resting 
upon  kankar.  By  a  very  simple  process  of  lixiviation  and  evaporation  a 
pure  carbonate,  free  from  any  sulphate  or  chloride,  could  be  obtained. 

He  proposed  the  manufacture  on  a  large  scale,  as  he  believed  that  this 
product  would  have  a  better  chance  of  competing  in  England  than  had 
some  which  had  been  prepared  by  the  reduction  of  the  sulphate,  but 
which  had  failed  to  meet  with  a  profitable  market. 

Glass-makers  and  washermen  were  in  the  habit  of  manufacturing 
this  carbonate  of  soda,  which  supplied  a  considerable  area  all  round. 

Mysore  State. — Among  the  Chitaldrug  hills  carbonate  of  soda  is 
somewhat  abundant,  but  is  much  nujced  with  common  ealt.  Dr.  Heyne 
states  that  is  was  sold  in  the  bazaars  under  the  name  sabdoo,  and  was 
used  for  the  same  purposes  as  that  obtained  in  Salom.^ 

A  simUar  mixture  of  salts  used  to  be  collected  in  Hyderabad  from 
the  granitic  soil.^ 

Berar :  Buldana  District :  Lonae  Lake. — There  is  a  very  abundant 
literature  referring  to  the  peculiarities  of  this  reraaikable  lake,  and  already 
a  description  of  it  has  been  given  in  Part  I,  page  379  of  this  work,  in 
which  the  crater-like  hollow,  which  is  more  than  a  mile  in  diameter,  is 
attributed  to  a  volcanic  explosion,  which  was,  however,  unaccompanied 
by  any  trace  of  eruption  in  the  sinrrounding  rocks.  That  it  was  not 
formed  by  any  form  of  superficisil  aqueous  denudation  is  certain,  bat 
it  seems  possible  that  in  spite  of  the  raised  rim  formed  of  loose  blocks,  it 
may  have  been  formed  by  subsidence  caused  by  the  formation  of  a  huge 
hollow  or  cave  in  calcareous  rock  underneath.  Subsidences  arising  from 
the  giving  way  of  the  roofs  of  such  hollows  under  the  weight  of  superin- 
cumbent strata  are  not  uncommon  in  limestone  countries,  and  it  is  not 
altogether  improbable  that  limestone  (lometa)  rocks  may  underlie  the 
basalt  at  this  locality. 

«  Trans.  Bomb.  Ocogl  Socy.,  VoL  VI,  p.  163  ;  and  Joar.  As.  8ocy.  Beugiil,  Vol.  X,  p, 
159. 

•  Tracto,  p.  45. 

•  Wnlkcr,  Dr.    MmIhus  Jour,  of  Lit.  and  8ci„  Vol.  XVI,  p.  187. 
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In  SO  &r  as  the  present  aoconnt  is  ooncerned,  the  only  point  to  be 
noted  is  that  blocks  of  mixed  salts  are  obtained  by  divers  in  certain  parts  of 
the  lake^  and  that  the  waters  of  the  lake,  on  evaporation,  deposit  BoltB, 
among  which  the  principal  is  carbonate  of  soda;  cnbical  crystals  of  oommon 
salt,  sodium  chloride,  are  also  deposited,  bnt  in  what  proportion  is  not 
stated.  The  local  names  for  these  products  are  dalla,  which  consists  of  a 
close  collection  of  acicular  crystals,  between  two  compact  surfaces ;  Hmjtpal^ 
a  thin  kind  of  daUa,  principally  of  red  colour;  papadi  or  papri,  a  white 
saline  froth. 

In  the  following  table  of  analyses  by  Dr.  J.  B.  Lyon  of  Bombay  a 
somewhat  different  nomenclature  is  adopted  :— 


Dalla. 

Chloride  of  sodium  .        .  9*34 

Soda        .        .        .        .  29-43 

Carbonic  acid           .        .  29*64 

Water  and  organic  matter  28*45 


Insoluble  residae 


3*14 


NtniA 
DaIU. 

12*65 

29*79 

27*54 

26*21 

3-91 


Driltka 

Chun. 

7-89 
27*34 
26*63 
31*95 


Papri.  BhoricL 

29-30  24-28 
11-49  4-S4 

11-21  4-64 

23*96  23-40 

6*19         24*04  42-84 


100*  100*  100-  100-  lOO* 

The  soda  is  equal  to  neutral     60*31         60*93        46*74         19*64  8*27 

carbonate. 

The  price  of  the  dalla  appears  to  vary  from  Bs.  75  to  Bs.  125  per 
handy  (=  5001bs.  ?),  while  the  papri  is  worth  only  from  Bs.  18  to 
Bs.  25,  and  the  Ihuaki,  Bs.  8  to  Bs.  10. 

According  to  the  native  account  there  are  two  very  deep  portions  of 
the  lake,  one  having  an  area  of  2  to  2}  and  the  other  of  1^  to  1}  acres, 
in  which  the  brine  is  concentrated  when  the  waters  retreat.  The  divers 
do  not  venture  into  these  hollows,  as  they  believe  that  to  do  so  would  cause 
certain  death  owing  to  the  thick  slimy  mud.  The  statement  that  the 
solid  crystalline  dalla  can  only  be  obtained  by  the  divers  when  the  lake 
is  full  seems  strange  if  true.  ThQ  papri  and  bhuski  are  got  in  the 
hot- weather  on  the  dried-up  margins. ' 

The  successive  annual  reports  of  the  Assigned  Districts  give  accounts 
of  the  operations  and  financial  results  connected  with  the  collection  of 
these  salts.  In  some  years  the  profits  have  exceeded  Bs.  20,000,  but  of  late 
years  the  sale  and  also  the  outturn  have  fallen  considerably.  The  sale  has 
been  much  affected  by  heavy  duties  imposed  on  the  imports  into  Hydera- 
bad, and  the  outturn  has  been  reduced  by  heavy  rainfall.  Owing  to  an 
impression  that  the  lake  requires  rest,  the  products  have  not  been  collected 
at  all  in  some  years.     Various  experiments  have  been  made  to  increase 


>  Captaiu  K.  L.  Mackenzie.    Berar  Gazetteer,  p.  24. 
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the  outttirn  by  cutting  off  the  supply  of  water  and  also  by  isolating 
portions  of  the  water  in  pans  or  pits.  As  the  salt^  are  very  probably 
brought  in  by  the  river-water,  the  result  of  cutting  off  the  supply  may 
very  possibly  have  exactly  the  opposite  effect  to  that  which  is  desired. 

From  the  last  of  the  above-mentioned  reports  it  would  seem  that  the 
latest  selling  price  has  not  much  exceeded  one  rupee  per  cwt. 

Central  India  :  Malwa. — In  the  bed  of  the  Chumbul  river,  where 
it  travel Bcs  basaltic  rocks,  c^irbonate  of  soda  lias  been  found  on  the  mar- 
gins of  pools  ;  the  first  recorded  discovery  was  by  Captain  John  Stewart 
in  1810.' 

North- West  Provinces  and  Oudii. — In  these  provinces,  and  also 
in  Behar,  the  manufacture  of  tajji  and  ranBi,  two  varieties  of  carbonate 
of  soda,  from  saline  earths,  is  carried  on  under  licenses,  as  is  also  that  of 
saltpetre  [shora)  and  sulphate  of  soda  {khari).  The  object  of  the  license 
system  is  principally  to  protect  the  revenue,  as  in  some  of  the  factories  a 
considerable  amount  of  common  salt,  sodium  chloride,  is  educed,  and  on  this 
alone  the  duty  amounts  ou  the  average  to  about  Rs.  1,00,000  per  annfiin. 

In  Northern  India  and   Bengal   alone  there  are   over   40,000  pettN 
faf^tories  for  the  preparation  of  crude  saltpetre,  sulphate  of  soda  and 
carbonate  of  soda. 

Sodium  Sulphate. — The  hydrous  sodium  sulphate  or  glauber  salt 
is  largely  produced  as  an  effloresceuse  in  certain  soils,  and  it  is  a  common 
constituent  of  reh  in  India,  the  proportional  percentage  which  it  bears 
to  other  salts  of  soda  varying  with  the  localities. 

Whether  produced  naturally  or  by  artificial  means,  its  principal  use  is 

jin  the  preparation  of  sodium  carbonate,     Kharif  as  it  is  called,  is  now, 

jhowever,  largely  used  for  curing  hides,  for  which  purpose  it  is  better  suited 

•than  common  salt,  owing  to  the  tendency  of  the  latter  tx>  absorb  moisture. 

The  khari  of  Behar  is  purer  than  that  from   the  North- West  Provinces, 

which  contains  a  much  larger  proportion  of  sodium  chloride.     Patua 

khari  is  at  present,  therefore,  now  in  large  demand  by  tanners.'' 

It  would  be  useless  to  attempt  to  give  details  as  to  Uie  distribution 
of  this  salt — indeed  complete  information  is  not  available. 

In  some  cases  the  salt-licks  which  are  fretjueutcd  by  cattle  yield  this 
salt  chiefly.  Such  is  the  case  all  along  the  outcrop  of  the  Damuda  rocks 
at  the  foot  of  the  Darjiling  hills,  where  the  licks  are  much  resorted  io 
also  by  elephants,  rhinoceros,  deer^  and  other  wild  aoimAls.^ 

»  TrxM.  Lit,  Socy.,  Bnmbuy,  Vol.  HI,  p.  53. 

^  Administration  Report,  Inbind  Custmn*.  1879-80,  ii,  38. 

*  Mallot,  f .  B.    Mem.,  0.  S.  I.,  Vol.  XI.  p.  9a 
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Reh :  Gteneral  Remarks. — Beh  is  the  native  term  applied  to  efflor- 
escent salts  which  have  accumulated  in  the  soil  and  subeoil  waters  of 
large  tracts  in  India,  to  such  an  extent  in  some  places,  esjwcially  iu 
Northern  India,  that  cultivation  has  become  impossible ;  in  the  Upper 
Punjab  katlar  is  a  common  name  for  the  same  substance.  As  affecting 
the  general  prosperity  and  revenues  of  the  country,  the  subject  of  how 
to  mitigate  or  diminish  the  evil  has  naturally  attracted  a  good  deal  of 
attention,  and  numerous  reports  and  papers  have  been  published  which 
contain  more  or  less  trustworthy  information,  and  more  or  less  of  prac- 
tical suggestion. 

Before  stating  what  these  salts  are,  it  will  bo  well  to  briefly  describe 
their  source  and  origin.  For  full  information  on  the  subject,  in  its 
economic  aspects,  reference  should  be  made  to  the  papers  of  which  the 
titles  are  given  at  the  end  of  this  volume.  In  the  first  part  of  this 
work  (vol.  I,  page  413),  a  rimmi  of  the  subject  has  already  been  given, 
but  in  spite  of  the  repetition  necessarily  involved,  it  is  thought  that  iu 
the  present  account  of  the  economic  geology  it  is  advisable  to  re-state 
the  leading  facts  again. 

Primarily  the  saline  matters  are  derived  from  the  decomposition  of 
rocks,  and,  tiiking  the  case  of  Northern  India,  the  rivers  descending  from 
the  Himalayas  carry  down  in  solution  proportions  of  salt  which  vary 
with  the  character  of  the  strata  traversed.  The  salts  so  carried  in  solu- 
tion consist  principally  of  calcium  and  magnesium  carbonates  and  sodium 
sulphate  and  chloride.  In  addition  of  course  the  alluvium  or  silt  which 
is  brought  down,  consisting  of  finely  comminuted  minerals,  includes 
materials  which,  on  decomposition,  are  capable  of  supplying  bases  for 
the  ultimate  formation  of  the  same  salts  under  suitable  conditions. 

In  a  region  of  intense  evaporation,  and  where  there  is  not  a  free 
drainage  outlet  of  water,  these  salts,  by  long-continued  concentration, 
accumulate  in  the  soil  or  iu  the  subsoil  waters,  and  over  and  almve  this 
rain-water  charged  with  carbonic  acid,  falling  on  a  porous  soil,  has  the 
effect  of  decomposing  its  mineral  constituents^  and  of  can-jnug  down  the 
salts  80  formed  in  solution  either  to  the  region  of  subsoil  water,  or  else  for 
only  a  few  inches  or  feet  below  the  surface.  When  the  surface  of  the 
ground  again  becomes  dry,  this  saline  wat«r  rises  by  capillary  attraction 
and  evaporates,  and  a  salt  efllorescence  remains,  which  at  length  so  per- 
meates the  superficial  layer  of  soil  that  cultivation  becomes  impossible. 
With  free  imderground  drainage,  which  would  admit  of  the  rain  passing 
through  and  washing  the  soil,  this  would  not  occur,  especially  where  the 
surface  was  well  protected  from  evaporation  by  vegetation. 

Irri^jatiun  by   canal  uatt-r,  when  not  accompanied  l»y  deep  drainage, 
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has  had  the  effect  of  increasing  the  amount  of  reh  deposit,  and  lurge 
tracts  have  been  in  consequence  thrown  out  of  cultivation.  The  indirect 
action  which  has  produced  this  result  has  been  fully  explained  by 
Mr.  Medlicott. '  In  this  case,  the  direct  increase  in  the  amount  of  saline 
matter  is  inconsiderable  owing  to  the  comparative  purity  of  the  canal 
water ;  but  the  so-called  table  of  subsoil  saline  water  has,  by  the  addition 
of  irrigation  water,  without  an  increase  in  the  drainage,  had  its  level 
raised  to  an  extent  which  has  rendered  capillary  attraction  operative,  and 
so  these  saline  waters,  which  were  previously  to  a  great  extent  innocuous, 
have  been  brought  into  injurious  contiguity  with  the  superheiul  layers 
of  soil.  Thus  is  explained  the  apparently  paradoxical  fact  that  irrigation, 
by  comparatively  pure  canal  water,  has  been  followed  by  an  increase  o£ 
salts  in  the  superficial  soils. 

A  very  exhaustive  paper  on  the  subject  of  reh  by  Dr.  Center^  gives  an 
interesting  account  of  the  methods  which  are  adopted  by  farmers  in  the 
salt-lake  region  in  America  to  cure  lands  which  are  similarly  affected 
as  are  the  sterile  tracts  of  India.  Among  these,  thorough  washing 
of  the  superficial  soil,  and  the  removal  of  the  salt  by  solution,  heavy 
manuring,  and  protection  of  the  surface  from  evaporation,  have  been 
tried  with  good  results,  and  sterile  land  has  been  brought  under 
cultivation. 

The  uses  to  which  rth  may  be  put  have  been  enumerated  bj 
Dr.  Center.  S(xlium  sulphate  for  medicinal  purposes  can  1}e  easily  obtained 
from  it,  and  where  it  is  abundant  it  might  be  used  to  manufacture  into 
the  carbonate  for  glass  or  soap  manufacture.  The  natural  average 
mixture  of  sodium  sulphate  and  sodium  chloride  is  similar  to  that  pro- 
duced by  the  manufacturers  of  sodium  carbonate,  who  add  sulphuric  acid 
to  common  salt.  By  evaporation  a  salt  cake  of  sodium  sulphate  might  be 
obtained  free  from  sodium  chloride,  and  with  the  aid  of  charcoal  and 
kankar  the  rest  of  the  process  might  be  performed.  Sodium  carbonate 
itself,  as  already  stated,  occuro  in  some  abundance  in  certain  of  these 
soils.  In  former  times  an  impure  salt  for  commestible  purposes  was 
largely  manufactured  from  the  reh^  but  it  was  naturally  very  much 
mixed. 

It  has  been  proposed  by  Dr.  Brown  to  cure  the  soil  by  the  application 
of  lime  nitrate,  which  may  easily  be  obtained  by  mixing  pounded  kankar 
with  manure;  by  double  decompo8iti»»n,  it  would  produce  alkaline  nitrate 
and  calcium  sulphate,  the  sodium  carbonate  would  also  be  neutralised; 
but  the  sodium  chloride  would  remain  unaltered. 

•  selections  frotn  Record*,  Government  of  ludk,  No.  XLII,  p.  32  (1864). 
»   lU?eo«lB,  O.  S.  I.,  Vol.  Xlll.  p.  253. 
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Borax:  General  Remarks. — Borax  or  tlie  hydrous  sodium  bi-borate 
occurs  aaturally  in  white  irausparcnt  oblique  rhombic  prisms,  which  belong 
to  the  mouocliDic  system.  It  occurs  as  au  exudation  on  the  surface  o£ 
taline  soils,  and  often  in  connection  with  salt  lakes.  It  was  first  taken 
to  Europe  from  Thibet,  and  it  earned  with  it  the  name  finkalf  which 
nnme  it  still  retains  to  some  extent.  According  to  General  Cun 
ninghara,  the  Thibetan  name  is  (sAale,  It  is  now  obtained  largely 
in  California  and  Nevada,  and  is  also  manufactured  in  the  lagoons  of 
Tuscany  by  the  reaction  of  boracic  acid  on  sodium  carbonate.  The  pur© 
acid  is  obtained  in  a  crystalline  form  by  passing  the  vapours  given  out 
by  numerous  fumeroles  through  leaden  tanks  full  of  water,  which  is 
evajjorated  by  the  heat  of  the  vapours  themselves. 

Borax  is  employed  in  the  manufacture  of  artificial  gems  and  fine 
gla^s ;  in  enamelling  and  soldering ;  as  a  flux  in  metallurgical  and  blow* 
pipe  operations,  and  as  au  ingredient  in  certain  varnishes,  toilet  soaps, 
and  cosmetics ;  it  is  largely  used  by  workers  in  metals  in  India^  alfto  ae  a 
constituent  of  varnishes  and  as  a  medicine. 

Within  the  limits  of  British  India,  there  is  no  known  source  of 
boi*ax,  the  supply  being  all  imported  from  Kashmir  or  Thibet. 

Kattywar. — In  the  year  1787,  Dr.  Hove,  a  Polish  savant,  was  em- 
ployed by  the  ministry  of  the  day  to  travel  in  and  report  upon  the 
cotton  districts  of  India.  At  a  place  called  Serapur,  near  Limri,  he  heard 
of  the  manufacture  of  a  crude  borax  from  an  earth  which  was  obtained 
at  some  locality  four  days'  journey  off.  It  was  fused  on  copper  pans 
being  protected  from  the  air,  and  when  molten  conveyed  into  a  vessel  of 
water.  It  was  exported  to  Surat  and  Bombay.  There  does  not  appoar 
to  be  any  recent  information  regarding  this  source. 

Kashmir :  Puga.— Borax  is  obtained  in  the  Puga  valley,  where  it  owes 
its  existiiuce  to  numerous  hot  springs,  some  of  which  have  a  temperature 
very  nearly  equal  to  the  local  boiling  point  of  water,  namely,  17d"I*\  It 
is  found  precipitated  with  common  salt  on  the  banks  of  the  streams 
forming  a  white  crust.  This  is  collected  and  purified  by  solution.  The 
average  export  was  in  1S63,  according  to  Dr.  Stoliczka,'  4-,0<)0  maunds  ; 
but  it  is  not  stated  what  maunds ;  the  local  mauud  or  sheep-load  in  La<lak 
is  only  equal  to  16  seers.  The  trade  is  not  now  of  much  importance. 
About  30  years  ago  M.  Marcadieu^  was  deputed,  at  the  instance  of  some 
masters  of  jwtteries  in  England,  to  report  upon  the  possibility  of  increas- 
ing the  trade,  but  it  would  seem  that  they  subsequently  withdrew  from 


'  Mem.,  G.  S.  I.,  Vol.  V,  p.  131. 

'  Selection*  from  Pub.  Conwp..  Piuii«li,  1865,  Vol  II,  No,  U, 
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embarking  their  monev  in  so  remote  and  inaccessible  a  locality.'  Crude 
borax  is  stated  by  Mr.  Calvert*  to  reach  Kulu  in  some  quantity  from 
Spiti  and  Labul^  more  probably  it  comes  from  Puga,  and  to  be  sold  at  the 
rate  of  Re.  6  for  80  lbs.  It  is  refined  at  the  bazaar  at  Sult^npur  before 
being  despatched  to  India. 

Thibet.— The  following  information  on  the  subject  of  Thibetan 
borax  is  from  a  paper  by  Mr.  E.  T.  Atkinson  :  *  "The  lx>rax  and  salt 
fields  of  Gnari  or  Hundes  lie  to  the  north  of  Bongbwa  Tal  across  moun- 
tains that  round  the  north-east  side  of  the  valley  of  the  Shajan  river 
parallel  to  the  Gangri  range,  and  in  the  eastern  part  of  the  Zjang  of 
Rohtoh  (Rudukh),  and  at  the  Chapakani  lake.  The  two  salts  are  ob- 
tained from  different  spots  in  the  same  vicinity,  and  are  Ifoth  worked 
in  the  same  way  by  liiiviation  from  the  earth  taken  from  the  surface 
of  the  ground  in  which  the  salts  ai-e  developed  by  natural  efflorescence. 
These  salt-tields  are  open  to  all  who  choose  to  adventure  their  labour  in 
them  on  payment  of  one-tenth  of  the  produce  to  the  Lhossa  Govern- 
ment, who  have  an  excise  establlshmeut  on  the  spot.  The  borax  is 
collected  from  June  to  September  and  sold  at  the  different  fairs,  at  Ganpa, 
Gartoh,  Sibilam,  Chajna,  Taklakhar,  Dabakhar.  It  is  brought  down 
by  the  Bhotiya  traders  and  purchase<l  by  the  merchants  of  Bamnagar, 
where  it  is  refined.  The  process  is  as  follows.  The  borax  is  pounded 
and  placed  in  shallow  tubes  and  then  covered  with  water  to  the  extent 
of  a  few  inches  ;  to  this  is  added  a  solution  of  about  two  pounds  of 
lime  dissolved  in  two  ports  of  water,  for  every  ten  maunds  (S20  pounds) 
of  borax,  and  the  whole  mass  is  well  stirred  every  six  hours.  Next  day 
it  is  drained  on  sieves  or  cloth,  and  after  this  is  again  dissolved  in  2^ 
times  its  weight  of  boiling  water,  and  about  16  pounds  of  lime  added 
for  the  above  quantity.  It  is  then  filtered,  evaporation  takes  place,  and 
subsequently  it  is  crystallized  in  funnel- si laptnl  vessels,  usually  of  kuuna, 
an  alloy  of  copper  and  zinc  or  lead.  The  loss  in  weight  is  about  20  per 
cent.'' 

Saltpetre  or  Potassium  Nitrate :  General  Remarks— For  a 
long  period  the  world  was  dependent  for  its  supply  of  saltjMitre  on  sujjcr- 
ficial  deposits,  the  result  of  a  contemporaneous  chcmicul  reaction  by 
which  the  constituents  of  the  mineral  were  brought  into  combination 
with  one  another.     At  present  there  are  other  sources  of  supply,  such  as 


•  SelwtioM  from  Record*,  Oovemment  of  India,  Vol.  VI.  p.  101 ;  nud  Vol.  XIV,  p.  38.- 
«  Kulu,  p.  92. 

•  EcotKinuc  Miiieralogy  of  thu  Hill  DistricU,  N.  W.  P.,  p,  38. 
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the  natural  deposits  of  potassium  sulphate^  which  have  been  found  in 
several  localities*in  association  with  rock  salt. 

India  at  one  time  enjoyed  almost  a  monopoly  of  the  trade,  and  the 
supply  of  Europe  was  nearly  all  manufactured  in  this  country.  This  is 
explainable  by  the  habits  of  the  people,  and  the  climate  which  is  in 
some  parts  of  the  country  very  dry  for  several  months  after  long-con- 
tinued rain.  In  the  soil  of  Indian  village  sites  ammoniacal  and  other 
nitrogenous  waste  lies  in  contact  with  wood-ash  containing  potash  and 
possibly  also  some  potash  derived  from  the  decomposition  of  felspar. 
As  oxidation  of  the  nitrogen  results  in  the  formation  of  free  nitric  acid^ 
combination  with  the  alkaline  base  follows,  and  the  soil  becomes  impreg- 
nated with  saltpetre.  By  collection  of  this  soil,  lixiviation,  evaporation, 
and  a  simple  process  of  refining  which  educes  other  salts,  especially  the- 
sodium  chloride,  pure  or  nearly  pure  saltpetre  is  produced.  In  some 
cases  the  collected  soil  is  spread  out  and  exposed  to  the  weather  for  twelve 
months  or  more  before  being  subjected  to  lixiviation. 

Formerly  the  East  India  Company  had  a  monopoly  of  the  manu&e- 
Inre,  which  passed  subsequently  into  the  hands  of  Europeans,  and  finally, 
on  the  decline  of  the  trade,  into  the  hands  of  natives.  More  than  two- 
thirds  of  the  total  quantity  of  saltpetre  which  is  exported  from  Calcutta 
at  present,  comes  from  the  districts  of  Tirhut,  Saran  and  Champaran,  in 
Behar. 

The  districts  of  Cawnpur,  Ghazipur,  Allahabad,  and  Benares  contri- 
bute to  the  supply,  as  also  do  some  parts  of  the  Punjab. 

The  following  table  shows  the  present  condition  of  the  trade* :— 


Quantity  of  SoUpetre     v«in« 
exported  from  CalcutU.  ***"*• 

Price  per  cwt. 

Cwt. 

£. 

£.       ff.     d. 

1876-77 

.     466,218 

381,706 

0     16    4^ 

1877-78 

.    391,373 

254,392 

0     13    0 

1878-79 

.    349,934 

301,818 

0     17    3 

1879-80 

.    463,110 

431,814 

0    18    71 

For  the  year  1868,  and  for  some  years  previously,  the  manufacture  of 
saltpetre  in  the  Madura  district  in  Madras  was  a  monopoly  in  the  hands 
of  a  European  firm,  who  were  under  contract  to  supply  the  Government 
with  a  fixed  amount  annually.  The  excess  had  been  exported  to  England, 
but  latterly  this  was  discontinued  in  consequence  of  the  prices  not  being 
remunerative.* 

Saltpetre  is  or  was  an  untaxed  industry  in  the  Nellore  district.  It 
appears  to  offer  no  features  of  particular  interest.     The  estimated  possi- 

'  Report  on  Administration  of  Inland  Customs,  1879-80,  p.  37. 
'  Madura  District  Manual,  p.  25. 
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ble  outturn  is  556  maunds^  and  the  selling  price  was  in  1S73  Us.  3  for 
single  refined,  and  for  double  refined  Rs.  4  a  maund.^  Saltpetre  was  also 
manufactured  in  many  other  parts  of  Madras. 

There  is  so  much  sameness  in  the-  mode  of  occurrence  and  manufac- 
ture of  saltpetre  all  over  the  country  that  it  would  be  tiresome  and  use- 
less to  give  details  in  addition  to  those  above  quoted  under  the  above 
general  remarks.  Most  of  the  local  Gazetteers  contain  abstracts  of  in- 
formation on  the  subject.  Formerly,  in  the  Ahmedabad  district  in 
Bombay,  there  used  to  be  a  considerable  manufacture,  but  it  is  now  almost 
extinct,  and  Behar  saltpetre  finds  its  way  all  over  India.  In  Upper  Burma 
there  appears  to  be  a  large  manufacture  and  the  price  realised  is  high.^ 
The  references  in  the  Appendix  will  show  where  further  information  on 
this  subject  may  be  obtained. 

Potassium  Ohloride :  General  Remarks.— In  Chapter  X  it  has 
already  been  recorded  that  Dr.  "Warth  discovered  in  the  Mayo  salt  mines 
b  lenticular  band,  consisting  partly  of  magnesium  sulphate  or  kieserite, 
and  partly  of  potassium  chloride  or  sylvine.  Altogether  only  a  few 
maunds  of  the  combined  minerals  were  obtained,  and  up  to  the  present 
there  has  been  no  further  similar  discovery.' 

The  following  analyses  were  mode  Mr.  Tween  :— 

No.i 
Pink-«oIoiired  Salt. 
61-43 
2932 
7-78 

2-1 


Potassiam  chloride 
Sodium           „ 

No.i. 
ColoorltM  Skit. 
3-8 

Magnesiom  gulphate  . 

Potasaiam        „ 

Water 

6802 
38- 
•62 

100-44  100-63 

from  which  it  would  seem  that  there  are  two  very  distinct  mixtures  of 
salts  having  little  in  common. 

>  XeUoie  District  Manual,  p.  67. 

■  Indian  Economist,  Vol.  V,  p.  14. 

*  Mem.,  G.  S.  I.,  VoL  XIV,  p.  80;  and  Records,  0.  S.  I.,  Vol.  VII  p.  64. 


502  GEOLOGY  OF  INDIA— ROCK  CRYSTAL.  [Chap'  HII. 


CHAPTER    XIII. 
SILICA. 

Bock  Cbtbtal— General  Remark*— MadMa--TMijore—Godavwi--Hydemb«d—CB«twl 
Ftoviiices  —  Sambalpar — Punjab  —  Gm^paon  —  Banna — Man — Bnnna.  CasxxXiXAJI; 
AoATB,  Oktx,  Jaspbb,  &o. — General  Remarks — Bengal — Rajmahal  HDls — Chvti» 
Nagpnr — Central  Proyinces — Chanda— Bombay— Bewa  Kantba.  Fuht — General  Be* 
marks — Madras — Trichinopoli — Bombay — Dbarwar  —  Afghanistan — Ftanja]>— Banna. 
Matbbluls  fob  Glass  MAKUTAcnrBE — General  Remarks. 

Rock  Orystal :  (General  Remarks. — It  is  perhaps  scarGeljneoessBiy 
to  say  very  much  upon  the  subject  of  this  well-knowB  mineral ;  when 
pure  it  consists  simply  of  silicic  acid.  The  differently  coloured  varietiea 
which  owe  their  tints  to  the  presence  of  small  quantities  of  foreign 
minerals  are  called  amethyst,  rose  quartz,  false  topaz  or  citrine,  smoky 
quartz,  milky  quartz,  prase,  and  aventurine  quartz. 

The  range  in  time  of  the  sources  from  which  rock  crystal  is  obtained 
is  very  considerable,  but  in  the  older  acidic  crystalline  rocks  it  is  most 
abundant,  being  found,  however,  also  in  basic  traps  and  basalts  and  t» 
some  extent  in  sedimentary  formations. 

The  following  account  of  the  distribution  of  quartz  crystals  in  India 
is  far  from  exhaustive,  as  only  the  principal  localities  of  which  there  are 
published  accounts  are  mentioned. 

Madras  :  Tanjore  District :  Vellum,  Lat.  10°43'j  Long.  79°  12.— 
The  lapidaries  at  Vellum  have  established  a  reputation  for  being  skilled 
workers  in  different  varieties  of  rock  crystal,  such  as  the  ordinary  pellucid 
quartz,  smoky  quartz,  cairngorum  and  amethyst.  These  are,  with  the 
exception  of  the  last,  which  is  brought  from  Kangiam  in  Coimbatore,  are 
all  derived  from  the  Cuddalur  (tertiary)  conglomerates,  which  are  made 
up  of  the  debris  of  metamorphic  rocks. 

The  ornaments  which  are  made  consist  chiefly  of  brooch  stones  out  in 
the  brilliant,  rose,  and  other  patterns,  but  watch-glasses  and  double  con- 
vex spectacle  lenses  are  also  made.  * 

Godavari  District. — According  to  Captain  Campbell^  very  large 
prisms  of  rock  crystal  used  to  be  obtained  in  the  bed  of  the  Godavari  to 

»  Mom.,  O.  8. 1.,  Vol.  IV,  pp.  217  and  370. 
s  Cal.  Jour.  Nat.  Hbt.,  Vol,  II,  p.  282. 
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the  west  of  Rajahmahendri ;  one  which  he   saw   was  5  inches  in  dia- 
meter. 

Hyderabad  State. — Pellucid  rock  crystal,  rose  quarte,  and  ame- 
thyst occur  in  abundance  in  the  quartz  reefs  in  many  parts  of  Hydera- 
bad, and,  according  to  Dr.  Walker,  they  used  to  be  cut  into  beads  and 
stones  for  ring^t  the  vahie  being-  about  the  same  as  that  of  the  garnet. 

Central  Provinces  :  Sambalpur  District.— Bijkomab,  Lat.  20' 
40' ;  Long.  83°  31'. — At  this  locality  and  others  in  the  same  region,  fine 
quartz  crystals,  both  the  pmoke  and  pellucid  Tarieties,  are  obtainable, 
and  good  samples  are  now  in  the  Geological  Museum,  but  there  is  no 
attempt  to  work  these  crystals,  and  they  have  no  local  value.* 

Punjab;  Gurgaon  District :  Aurangpue,  Lat.  28°  27'  30" ;  Long. 
71°  19'. — ^At  this  locality,  which  is  15  miles  south  of  Delhi,  there  are 
small  pits  which  Mr.  Hacket^  states  were  for  the  purpose  of  extracting 
quartz  crystals  from  veins  of  quartz  in  the  Arvali  qufirtzites.  These  pita 
are  now  abandoned,  but  small  rejected  crystals  are  scattered  over  the 
surface  in  great  abundance. 

Whether  this  was  the  source  whence  the  material  was  obtained  from 
which  the  marvellous  Delhi  rock  crystal  ornaments  were  made  is  not 
known.  At  the  loot  of  the  Delhi  palace  a  number  of  vases,  pitchers, 
drinking  vessels,  &c,,  sculptured  out  of  transparent  quartz  crystal,  were 
obtained,  and  a  series  of  them,  purchased  by  Mr.  W.  Theobald,  was  pre- 
sented to  the  Geological  Museum. 

Bannu  and  Man,  &c. — As  has  been  mentioned  in  the  description 
of  the  gypsum  deposits  of  this  province,  small  bi-pyramidally  terminated 
prisms  of  quartz,  which  commonly  go  by  the  name  of  Mari  diamonds, 
are  obtained  in  the  gj-psura  at  Kalabagh,  Sardih,  and  Mari.  They  are 
collected  by  the  natives,  bored  and  threaded  for  chains.  In  Kulu,  accord- 
ing to  Mr.  J.  Calvert,  good-sized  quartz  crystals  have  been  found  on  the 
north  side  of  the  Kanor  Khud  opposite  the  silver  mine. 

Burma. — The  Reverend  F.  Mason  states  that  small  crystals  of  quartz 
are  abundant  in  Burma,  and  large  masses  of  rock  crystal  are  some- 
times brought  from  the  Siamese  frontier.  Many  of  the  so-called  rubies 
and  other  precious  stones  offered  for  sale  by  the  Shans  are  said  to  be 
quartz  which  has  been  coloured  by  treatment  in  various  solutions. 

Oamelian,  Agate,  Onyx,  Jasper,  &c. :  Gteneral  Remarks. — In 
the  above  heading  jasper  is  included  as  matter  of  convenience,  being 
rather  a  rock  of  undefined  comjwsition  than  a  mineral  species.     Car- 
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neliao^  a^gaie,  and  onyx,  with  several  other  varieties,  Wlong  to  the  chal- 
eedoDic  groop  of  massive,  non^crystaUiiie  forms  of  translucent  silics. 
The  chief  original  sources  of  these  varieties  are  the  enormoas  flows  of 
Deccan  trap  which  cover  over  such  a  lai^  area  of  India.  In  trap  rocks 
of  other  ages,  too,  they  are  fonnd  in  some  ahundance. 

Though  none  of  these  exactly  come  under  the  denomination  of  f>reci- 
ott6  6tones,8till,  when  wrought  into  ornamental  objects,  they  have  some- 
times  commanded  very  high  prices.  In  the  arts  of  cutting  and  polishing 
them  the  lapidaries  of  India  have  long  been  renowned, — for  so  long  indeed 
that  some  of  the  very  earliest  allusions  to  the  country  are  connected  with 
this  particulxu:  art.  It  is  probable  that  the  polished  and  cut  pebbles  of 
India  have  been  spread  over  the  world  to  an  extent  of  which  few  people 
conscious.  It  is  said  that  the  pebbles  which  the  tourist  or  visitor  is 
induced  t<i  buy  at  many  well-known  seaside  and  other  resorts  in  Europe, 
as  mementos  of  the  place,  have  not  only  been  originally  produced  bat 
have  been  cut  and  polished  in  India.  If  it  be  so,  the  trade  is  a  more 
creditable  one  than  that  which  sends  sham  jewels  to  Ceylon,  because  the 
stones  are  really  what  they  pretend  to  be,  true  pebbles,  and  they  are  often 
extremely  beautiful  objects.  It  has  sometimes  been  thought  that  in  the 
name  brooch  the  source  of  the  pebbles  which  were  first  employed  for  the 
purpose  is  recorded,  but  the  derivation  is  said  to  be  from  the  Freadi 
broche,  a  spit  or  skewer.  From  Barygaza,  the  modern  Broach,  the  famoas 
onyx  and  murrhine  cups  of  the  early  Greeks  and  Romans  were  obtained, 
it  is  believed. 

Nero  is  said  to  have  paid  300  talents  or  £55,H5  for  one  of  the  small 
cups  made  of  the  murrhine  or  camelian  (?) ,  which  was  probably  not  very 
different  in  any  respect  from  those  to  be  obtained  in  Bombay  at  the 
present  day.  According  to  Professor  Miiller,^  however,  600  writers  have 
emulated  with  one  another  in  attempting  to  decide  what  the  murrka  o-f 
the  ancients  really  was,  and  his  judicial  decision  is  that  it  was  fiuor  spar. 
But  if  obtained  at  Ouzein,  the  modem  Oujein,  it  is  extremely  improbable 
that  it  was  other  than  one  of  the  chalcedonic  minerals.  In  none  of  the 
accounts  is  fluor  spar  mentioned  as  one  of  the  stones  which  is  worked  in 
Western  India,  and  it  has  been  shown  in  Chapter  XI  that  the  occurrence 
of  the  mineral  in  India  is  very  rare,  there  being  no  known  locality  where 
more  than  mere  traces  of  it  are  found.  In  Chapter  I  it  has  already  been 
suggested  that  the  so-cailed  copper-coloured  diamonds  of  early  Sanscrit 
authors  were  really  carnelians.  A  Roman  traveller  in  1503,  named  Lewes 
Uertomenes,  speaks  of  the  diamond  however,  as  well  as  onyx  and  carneliau 


*  CoTiimorcc  uici  Nuvigntion  of  the  Erythican  Sea.     J.  W.  McChiidli>«  p.  16. 
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Wing  obtained  in  this  region.  The  Panassa  of  Ptolomey,  which  has  been 
supposed  by  some  writers  to  have  been  Panna,  was  possibly  Ponassa,  in 
the  Narbada  valley. 

It  may  be  added  that  in  the  habit  which  liivs  grown  up  of  writing  this 
word  cornelian  the  original  derivation  has  become  lost  and  obscured ;  the 
word  is  from  carnis,  flesh,  in  allusion  to  the  colour. 

Hyderabad  :  Paithan,  Lat.  19°  29';  Long.  75°  28'.— According  to 
the  author  of  the  Periplus,  Plithana  was  one  of  the  localities  from  whence 
agate  and  onyx  were  obtained  for  the  factories  at  Broach.  It  is  Ijelieved 
that  Plithana  may  safely  l>e  identified  with  Paithan,  or,  as  it  is  sometimes 
written  on  old  maps,  Peyton,  on  the  Godavari. 

In  this  neiglibourhood  there  are  ossiferous  gravels  in  which  not  only 
have  bones  of  mammals  been  discovered,  but  an  agate  flake,  believed  to 
be  of  human  manufacture,  was  found  there  in  situ  by  Mr,  Wynne.' 

The  pebbltjs  in  these  gravels  are  chiefly  of  agate,  and  it  was  noticed 
by  Mr,  W.  T.  Blanford-  that  many  of  them  have  a  peculiar  dark,  semi- 
transparent  look  resembling  flint,  and  are  different  in  this  respect  from 
those  found  in  the  neighbouring  trap. 

There  are  many  other  localities  in  the  trappean  region  of  Hyderabad 
where  agates  occur  and  have  been  worked.  Newbold  "  gives  a  very  full 
list  of  these  localities  and  the  varieties  of  pebbles  which  occur  at  them 
respectively.  He  particularly  mentions  the  beds  of  the  Kistna,  Godavari 
and  Bhima  rivers  and  the  plain  at  Bijapur. 

Bengal ;  Rajmahal  Hills.— Geodes  of  quartz  crystals  and  masses 
of  agate  are  found  in  some  abundance  weatheretl  out  of  the  trap  of  lias- 
sic  age,  which  occurs  in  these  hills,  but  the  natives  appear  to  be  wholly 
indifferent  to  the  fact,  and  there  do  not  appear  to  have  ever  been  any 
lapidaries  in  the  neighbourhood  to  work  the  stones  up  into  saleable  arti- 
cles. Very  handsome  masses  of  these  minerals,  of  large  size  and  suit- 
able for  the  ornamentation  of  pleasure-grounds,  rockeries,  &c.,  are  to  be 
obtained  for  the  trouble  of  carriage  in  the  neighbouihood  of  Barhait,  &c., 
in  the  centre  of  the  hills. 

Chutia  Nagpur. — The  submetamorphic  or  transition  rocks  of  the 
southern  districts  of  this  province  often  include  banded  jaspers  of  some 
beauty  ;  fragments  of  these  two  occur  as  pebbles  in  several  of  the  streams 
in  Singhbhum  and  the  Native  States  further  south. 

In  the  Palaraow  sub-division,  the  bed  of  the  Sone  has  long  been  famed, 
being  mentioned  in  the  '  Ain-i-Akbari'  for  yielding  pebbles  (Sallgram). 

'  ReooKU,  O.  S.  I..  Vol.  I.  p.  66. 

'  Idem,  p.  61. 

*  Ji>ur.  Koy.  At.  Secy.,  XX.,  p.  37. 
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Those  are  only  occasionally  collectetl  as  ctiriosities  at  the  present  day. 
Some  of  the  pebbles,  especially  those  of  agate,  have  probably  been  derired 
from  far-distant  trappean  sources ;  others  may  have  come  from  tlie  tnui- 
eition  rocks. 

Central  Provinces :  Jabalpur  District. — Althocgb  agate  pebbles 
aie  known  to  be  very  abundant  in  the  debris  from  the  trappean  rocks,  and, 
it  is  beliered,  afford  one  source  from  whence  the  lapidai-ies  of  Jabalpar 
obtain  material  for  their  ornametital  stonework,  which  is  remarkably 
cheap  and  often  very  Ijeautiful,  still  there  does  not  appear  to  have  been 
very  much  published  on  the  subject.  Some  of  the  stones  from  the  Rat- 
anfiur  mines,  which  are  described  on  a  subsequent  page,  are  siud  Id  be 
taken  to  Jabalpur  to  be  cut,  while  the  true  or  Sulemani  onyx  goes  to 
Cambay  from  Jabalpur.  It  would  be  interesting-  to  know  from  whence 
the  aventurinc  quartz  comes  which  is  sometimes  to  be  seen  for  sale.  The 
imitation  of  this  stone,  now  made  in  Venice,  is  so  good  that  it  requires 
an  expert  to  distinguish  the  true  from  the  false. 

Ohanda  District :  Ballapur,  Lat.  29°41'j  Long.  79'  2i'.~Thifl 
place,  which  is  6  miles  south  of  Chanda  and  is  on  the  left  bank  of  the 
Wardha,  was  an  early  capital  of  the  Gond  kings.  According  to  the  'Ain-i- 
Akbari' '  it  was  at  one  time  famous  for  producing  agate  pebbles. 

Bombay :  Rewa  Kantha  District :  Ratanpur. — This  pkce,  which 
is  situated  in  the  territories  of  the  Raja  of  Rajpipla,  has  for  upwards  of 
2,000  years  been  one  of  the  i)nncipal  adjacent  sources  from  whence  the 
lapidaries  of  Cambay  and  Broach  have  drawn  the  mw  materials  from 
which  they  manufactured  ornamental  articles  of  agate,  camelian,  &c. 
But  besides  it  there  were,  as  will  be  seen,  many  other  localities  at  more 
dibtant  points  which  contributed  special  varieties. 

Although  agate,  camelian,  and  jasper  may  be  picked  up  in  the  rivers 
adjoining  the  trap  area,  and  are  to  some  extent  collected,  the  stones  which 
arc  most  highly  esteemed  are  all  obtained,  according  to  Mr.  W.  T.  Blan- 
ford/'^  in  a  thin  stratum  of  ferruginous  tertiary  gravel,  which  consists 
almost  entirely  of  agates  derived  from  the  trap.  This  preference  is 
probably  due  to  the  presence  of  the  iron,  which  gives  to  the  stones  the 
colouring  matter  which  determines  their  value. 

The  following  account  of  the  mining  and  working  up  of  the  stones  it 
taken  from  the  Bombay  Gazetteer  verbatim ^  as  it  contains  the  most  com- 
plete account,  and  it  would  be  hardly  fair  to  the  author,  Mr.  J.  M« 
Campbell,  to  give  a  mere  abstract  of  it  :— 


*  aindwio's  Editions.  Vol.  11,  p.  68. 
<  Men..  O.  8.  I..  Vol.  VI,  p.  861. 
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'•  The  mine  shafta  are  about  4  feet  in  diameter,  and  od  an  average 
about  30  feet  deep.  At  the  foot  of  each  shaft,  galleries  5  foot  high 
and  4  feet  wide  branch  off  on  etll  aides.  These  passages,  seldom  more 
than  100  yards  long,  in  many  cases  join  the  galleries  of  other  mines. 
Every  mine  has  a  band  of  thirteen  men,  each  with  a  small  iron  pickaxe, 
a  few  bamboo  baskets  and  a  rope.  They  work  in  turns,  and  before  he  is 
relieved  each  man  must  fill  a  certain  number  of  baskets.  The  basket  is 
drawn  up  by  a  rade  roller  or  pnlly  snpported  by  four  uprights.  At  the 
mine  mouth  the  stones  are  chipped,  and  the  likely  ones  carried  to  Ratanpur, 
the  village  of  gems,  and  there  made  over  to  the  contractor  or  his  agent. 
The  average  outturn  of  two  men,  working  from  eight  to  ten  hours,  is  from 
ten  to  forty  pounds  weight  of  stones. 

"The  contractor  divides  the  stones  into  two  clafises,  those  which  should 
and  those  which  should  not  be  baked.  Three  stones  are  left  onbaked:  an 
onyx  called  mora  or  banui  <;hori,  the  cats '-eye  called  cheshamJar  or  dola,  and 
a  yellow  half-clear  pebble  called  rori  or  lasntu'a.  Of  these  the  mora  or 
bawa  ghori  onyx  >  is  of  two  kinds,  one  dark  with  white  veins,  the  other 
greyish-white  with  dark  veins.  These  stones  are  found  in  different  shapes, 
and  are  seldom  more  than  one  pound  in  weight.  Except  these  three  varieties, 
all  Ratanpur  pebbles  are  baked  to  bring  out  their  colours.  During  the  hot 
season,  generally  in  March  and  April,  the  stones  are  spread  in  the  sun  in 
Ka  open  field.  Then  in  May  a  trench,  2  feet  deep  by  3  wide,  is  dug 
round  the  field.  The  pebbles  are  gathered  into  earthen  pots,  which,  with 
their  mouths  downwards  and  a  hole  broken  in  their  bottoms,  are  set  in  a 
row  in  the  trench.  Bound  the  pots  goat  and  cowdung  cakes  are  piled,  and 
the  whole  is  kept  burning  from  sunset  to  sunrise.  Then  the  pots  are  taken 
out,  the  stones  examined,  and  the  good  ones  stowed  in  bags.  About  the 
end  of  May  the  bags  are  carted  to  the  Narbada  and  floated  to  Broach. 
Here  they  are  shipped  in  large  vessels  for  Cambay,  and  are  offered  for  sale 
to  the  camelian  dealers.  The  right  of  working  the  Rajpipla  mines  is  every 
year  put  up  to  auction.  It  would  of  late  seem  to  have  become  more  valu- 
able, as  the  average  for  the  last  four  years  (1873-76)  has  been  £323, 
(Rs.  3,230),  compared  with  £189  (Rs.  1,890)  in  the  twenty  previous  years. 
The  contractors  are  generally  Baroda  and  Oambay  merchant*,  Vaniaa  and 
Bohoras  by  caste, 

*'  By  exposure  to  sun  and  fire,  among  browns  the  light  shades  brighten 
into  white,  and  the  darker  deepen  into  chesnut.  Of  yellows,  maize  gains 
a  rosy  tint,  orange  is  intensified  into  red,  and  an  intermediate  shade  of 
yellow  becomes  pinkish-purple.  Pebbles  in  which  cloudy  browns  and 
yellows  were  at  first  mixed  are  now  marked  by  clear  bands  of  white  and 
red.  The  hue  of  the  red  carnelian  varies  from  the  palest  flesh  to  the 
I  deepest  blood-red.  The  best  are  a  deep  clear  and  even  red,  free  from 
I  cracks,  flaws,  or  veins.     The  larger  and  tliicker  the  stone,  the  more  it  is 
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esteemed.  White  camelians  are  scarce.  When  large,  thick,  eTen-ooloiiTed, 
and  free  from  flaws  they  are  valuable.  YeUow  and  yariegated  stones  are 
worth  little. 

"  Fonr  agates,  the  common,  the  moss,  the  Kapadvanj,  and  Uie  Toined, 
rank  next  to  the  Rajpipla  camelians.  The  common  agate  is  of  two  kinds, 
a  white  half-clear  stone  called  dola  or  cheahamdary  and  a  clondy  or  streaked 
stone  called  jamo.  The  colour  varies,  bat  is  generally  a  greyish-white. 
Both  kinds  come  from  north-east  Kattywar  near  Mahedpnr  in  Morvi, 
3  miles  from  Tankara.  Of  the  stones,  which  lie  in  massive  blocks  near 
the  surface,  the  most  perfect  do  not  exceed  five  pounds  in  weighty  while 
those  of  inferior  quality,  in  many  cases  cracked,  weigh  as  much  as  sixty 
pounds.  These  stones  are  brought  to  the  Cambay  dealers  by  merchants, 
who,  paying  a  royalty  to  the  Morvi  chief,  hire  labourers,  generally  Kolis, 
to  gather  them.  When  worked  up,  the  common  agate  is  a  greyish-white, 
and  being  hard,  brittle,  and  massive,  it  takes  a  high  polish. 

"  Like  the  common  agate,  the  moss  agate,  suahhaji,  comes  from  Bud- 
Kotra,  3  miles  from  Tankara  in  Morvi.  Found  in  the  plain  about  2 
feet  under  the  surface  in  massive  layers  often  cracked,  and  from  half  a 
pound  to  forty  pounds  in  weight,  they  are  gathered  in  the  same  way  as  the 
common  agate.  When  worked  up,  they  take  a  fine  polish,  showing,  on  a 
base  of  crystal,  sometimes  clear,  sometimes  clouded,  tracings  as  of  dark- 
green  or  red-brown  moss. 

"  Besides  from  the  town  of  Kapadvanj  in  E^aira,  where,  as  its  name 
shows,  the  Kapadvanj  agate  is  chiefly  found,  this  stone  is  brought  Arom 
the  bed  of  the  river  Majam,  between  the  villages  of  Amliyara  and  Mandva, 
about  15  miles  from  Kapadvanj.  It  is  found  on  the  banks  and  in  the 
beds  of  rivers,  in  round  kidney  and  almond-shaped  balls  from  half  a  pound 
to  ten  pounds  in  weight.  Picked  up  by  Bhils,  they  are  sold  to  a  Mandva 
Bohora,  who  disposes  of  them  to  the  Cambay  stone-merchants  at  from  6». 
to  24«.  for  forty  pounds  (Rs.  3-12  a  maund).  When  worked  up  the 
Kapadvanj  agate  takes  a  high  polish.  It  varies  much  in  colour  and  pat- 
tern. In  some  cases  they  are  variegated;  in  others  they  have  forms  of 
finely-marked  plans  grouped  into  landscape  and  other  views.  The  trade 
names  of  the  chief  varieties  are  kkaiyu,  agiyUj  and  ratadiyu. 

"  The  most  valued  Cambay  agate,  the  veined  agate,  doradar,  comes 
from  BAupur  in  Ahmedabad.  Found  near  the  surface  in  pebbles  of  vari- 
ous  shapes,  not  more  than  half  a  pound  in  weight,  they  are  gathered  in  the 
same  way  as  moss  agates,  and  when  worked  up  take  a  high  polish,  show- 
ing  either  a  dark  ground  with  white  streaks,  or  dark  veins  on  a  light  back- 
ground. 

"  Of  other  Cambay  stones  the  chief  are  the  jasper  or  bloodstone,  the 
chocolate  stone,  a  variegated  pebble  known  as  maimariam^  crystal,  the 
lapis-lazuli  or  azure  stone,  the  obsidian  or  jet,  and  the  blue-stone,  piroja. 
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Of  tliese  the  first  foar  are  found  in  Gazerat.  The  rest  are  foreign  stones 
brought  from  Borabay.  The  jasper,  heliotrope,  or  bloodstone  comes  from 
the  village  of  Tankara  in  Morvi,  about  20  miles  north  of  Rajkot;  foand 
on  and  near  the  foot  of  Bhag  hill,  in  massive  layers  of  from  half  » 
ponnd  to  forty  pounds,  it  is  gathered  in  the  same  way  as  the  agate.  When 
worked  up  it  takes  a  high  polish,  varying  in  colour  from  Ula  chhantdar^  a 
green  variety  with  red  streaks  or  spots,  to  the  finer  patolia,  whose  green 
base  is  more  equally  mixed  with  red  and  yellow.  The  chocolate  stone* 
Tiitkia^  comes  from  Tankara  in  Morvi ;  found  on  the  surface,  or  a  few  feet 
under  ground,  in  ma-sses  of  from  one  to  eight  pounds,  it  is  too  soft  and 
earthy  to  take  a  high  polish.  Maimariatn  is  a  liver-brown,  marbled  with 
yellowish  marks  of  shells  and  animalculao.  Dug  in  blocks  of  considerable 
size  at  Dhokavada  on  the  Ran  of  Catch,  about  60  miles  north  of  Deesa, 
it  is  too  soft  to  take  a  high  polish.  Cambay  crystal,  phataky  comes  from 
Tankara  in  Morvi,  where  it  is*  found  in  masses  of  from  one  to  twenty 
pounds.  As  clear  as  glass  it  takes  a  high  polish.  The  beat  Cambay 
crystal  comes  from  Madras,  Ceylon,  and  China.  Lapis-lazuli,  or  azure 
Btono,  rajavarat,  is  deep-blue  with  a  sprinkling  of  silvery  or  golden  spots  ; 
a  foreign  stone  coming  to  Cambay  through  Bombay,  it  is  fouad  in  rounded 
balls  in  Persian  and  Bokharan  river-beds.  It  is  too  soft  and  eiu'thy  to 
take  a  high  polish.  Jet,  or  black  stone,  kala  pfiatart  is  also  foreign  coming 
through  Bombay  from  the  hills  of  Bassora  and  Aden,  where  it  is  found  in 
largo  blocks.  Like  glass  in  fracture,  it  is  not  very  heavy,  and  takes  a  high 
polish  (it  is  probably  obsidian).  The  Cambay  jet  trade  has  almost  entirely 
ceased.  The  Cambay  blue-stone  is  not  the  true  piroja  or  tnrquois,  but 
a  composition  imported  from  China  in  flat  pieces  of  not  more  than  half  a 
pound  in  weight.  Like  blue  glass  in  appearance,  though  soft,  it  takes 
a  good  polish. 

*'  The  rough  stone  generally  passes  through  three  processes,  sawing, 
chiselling,  and  polishing.  When  a  stone  is  to  be  sawn  it  i.-*  brought  to  a 
strong  frame  of  two  wooden  upriglits,  joined  at  the  foot  by  a  cross-board, 
and  at  the  top  by  a  strong  ropo  doubled  and  tightened  by  a  stick.  The 
Btone  is  then  laid  on  the  cross-board,  and  fixed  firmly  to  it  by  a  cement  of 
coarse  bees'- wax  and  cloth  fibiTs.  The  saw,  a  slight  toothless  iron  plate  in 
a  light  wooden  frame,  is  then  brought  up,  and,  according  to  the  size  of  tho 
stone,  is  worked  by  one  or  two  men.  To  smooth  its  freshly-cut  faces,  a 
mixture  of  ground  emery,  fine  sand,  and  water,  is  kept  dropping  into  the 
cleft  in  which  the  saw  works.  To  chisel  it  into  shape  the  stone  is  taken 
to  a  slanting  iron  spike,  hhoudiu,  driven  into  the  ground  till  only  the  head 
is  left  above  the  surface.  Laying  against  the  edge  of  this  spike  the  part 
of  tho  stone  to  be  broken  off,  the  workman  strikes  with  a  hom-hcaded 
hammer  liU  all  roughness  has  been  removed.  The  article  is  now  handed 
over  to  the  polisher.  Ho  takes  it  to  a  platform  lt>  inches  long  by  6 
broad  and  3  thick.     In  this  platform  are  two  strong  nprights,  and  between 
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ihe  npngbts  a  wooden  roller,  8  inches  long  and  3  in  dismetar,  fftsteoed 
into  a  head  at  one  end.  This  roller  works  on  an  iron  spindle  or  axle. 
On  the  one  end,  the  axle  is  screwed  and  fitted  with  a  nnt  to  whioh  certain 
plates  or  discs  can  be  made  fast.  These  grinding  or  polishing  platoa  are 
made  of  emery  mixed  with  seed  lac.  The  emery,  karavj^  of  grejish- 
black,  is  carefully  powdered  and  glistening.  The  preparation  of  evaarj 
varies  in  fineness  according  to  the  nature  of  the  work.  For  rough  work 
tho  proportion  is  three  parts  of  ground  emery  to  one  of  lac ;  for  medinm 
work  the  proportion  is  two  and  a  half  pounds  of  finely  powdered  emery  to 
one  of  lac;  and,  for  the  finest  work*  lao  and  cameli&n  dost,  variy  are 
naed  in  equal  quantities.  Besides  the  composition  plates  a  copper  dii»c  is 
oocaaionaUy  used  for  polishing  very  hard  stone,  such  as  Ceyion  cats*-«jes 
and  other  precious  stones,  and  for  the  softer  sort  of  pebbles,  a  plate  of 
teak  or  other  close-grained  wood  is  used.  Fastening  in  its  place  on  tho 
roller  the  disc  best  suited  to  the  stone  to  be  polished,  tho  workman,  squatting 
on  his  hams,  steadies  the  machine  with  his  foot.  A  bow,  with  its  string 
passed  round  the  wooden  roller,  is  held  in  his  right  hand,  and  by  moring 
the  bow  backwards  and  forwards,  the  roller  and  with  it  the  polishing  plate 
is  whirled  round,  while  the  article  to  be  polished  is  held  in  the  workman's 
left  hand,  and  as  it  revolves  is  pressed  against  the  out^r  face  of  tho 
polishing  disc. 

"  Besides  these  three  regular  processes,  certain  articles  require  special 
treatment.  After  beads  have  been  chiselled  into  shape,  to  smooth  tlieir 
surface,  a  number  are  fixed  in  a  pair  of  wooden  or  bamboo  clamps,  and 
rubbed  on  a  coarse  and  hard  smoothing  Btono  called  dfiolia.  Next  they 
are  grasped  in  a  grooved  clamp,  and  rubbed  along  a  wooden  polishiog 
board  called  patitnar.  The  surface  of  this  board  is  cut  into  grooves,  and 
roughened  by  a  composition  of  emery  and  seed  lac.  To  give  beads  their 
final  brillian<7,  from  one  to  several  thousands  of  them,  are,  along  with 
emery  dust  and  fine  camelian  powder,  thrown  into  a  strong  leather  bag, 
about  2  foet  long  and  from  10  to  12  inches  across.  The  mouth  of  the 
bag  is  tied,  and  a  flat  leather  thong  is  passed  round  its  centre.  Seated 
at  op{>OBite  ends  of  a  room,  two  men,  each  holding  one  end  of  this  leather 
thong,  drag  the  bag  backwards  and  forwards.  This  rolling  lasts  from  ten 
to  fifteen  days,  and  during  the  whole  time  the  bag  is  kept  moistened  with 
water.  When  the  polishing  is  complete,  the  beads  are  handed  over  to 
have  holes  bored.  This  is  done  by  \  diamond-tipj)ed  steel  drill,  and  as 
the  drill  works  water  is  dropped  into  the  hole  thi-ough  a  thin  narrow  reed 
or  met4tl  tube.  Cut  beads  are  polished  on  the  wheel  as  well  as  rubbed  od 
the  smootliing  stone,  and  knife-handles  are  prepared  in  the  same  way  aa 
cut  beads.  In  making  cups,  saucers,  and  other  hoUow  articles,  the  outaide 
is  first  chiselled  into  shape  and  gi*ound  on  the  smoothing  stone.  To  hollow 
the  inside,  the  diamond-tipped  driU  is  worked  to  the  depth  of  the  fourth 
of  an  inch    all    over    the   space,    till    the    surface   is  honeycombed    with 
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drill  holes.  The  prominent  places  round  these  holes  are  then  chipped 
away  till  a  hollow  of  the  desired  depth  haa  been  formed.  The  inside  ia 
then  polished  on  a  conyex  mould,  of  the  same  composition  as  the  polishing 
plates,  and  like  them  fastened  to  the  polishing  wheel.  Miniature  cannons 
are  bored  by  diamond.tipped  drills.  A  small  headed  drill  is  first  worked, 
and  then  the  number  of  diamonds  on  the  head  is  gradually  increased  from 
two  to  a  circle  of  twelve.  Flat  ornaments,  such  as  paper-cutt-ers,  paper- 
weights and  ornamental  slabs,  ai-e  cut  into  layers  of  the  required  thickness 
by  the  toothless  saw, 

"  Cambay  agate  ornaments  belong  to  three  classes :  thoso  suited  for  the 
Chinese,  the  Arab,  and  the  Eurojiean  markets.  *  For  the  Chinese  market, 
camelian  ornaments  only  are  in  demand.  Of  these  there  ai'e  two  kinds, 
flat  stones  named  miujl^iiijnl^  and  beads  called  dol.  The  flat  stones,  oval, 
•quare,  and  like  watch  seals,  are  worn  in  China  as  armlets  and  dress  oma. 
xnents.  Plain  polished  round  beads  are  made  into  necklacefl  of  fifty  stonea 
each.  For  the  Arab  markets,  the  stones  most  in  demand  are  Ranpur 
agates,  Ratanpur  camelians,  cats'-oyos,  and  bloodstone.''  These  are 
wrought  into  both  plain  and  ornamental  ring  stones,  necklaces,  wristlets, 
and  armlets.  Of  necklaces  there  are  those  made  of  cut  beads,  ^ehidar  dol ; 
of  diamond-cut  beads,  rfohheiular  dol ;  of  almond-shaped  beads,  badami  dol ; 
and  of  spearhead-shaped  beads,  chamkali  dol.  Again,  there  are  necklaces 
of  three  stones  called  nvadalia  or  iavit^  and  of  plain  round  beads  used  aa 
rosaries  as  well  as  necklaces.'  Of  armlets  and  wristlets  there  are  those  of 
two  stones,  mota  madalia^  worn  either  on  the  arm  or  wrist ;  wristlets  of 
seven  round  flat  stones,  paiia ;  wrisUeta  of  several  flat  stones,  ponchi; 
armlets  of  one  stone  cut  into  different  fanciful  devices,  haju ;  and  single 
atones  in  the  shape  of  large  flat  seals,  nimgoL  Kings,  an^Uhi\  and  stonea 
for  setting  as  rings,  nagma,  are  also  made  of  camelian  and  cats'-cyes.  For 
the  European  markets,  the  ornaments  most  in  demand  are  modeU  of  can-> 
non  with  carriage  and  trappings,  slabs  for  boxes  or  square  tables,  cups  and 
saucers,  chessman,  flower-vases,  pen-racks,  card  and  letter  racks,  watch- 
Btauds,  inkstands,  knife-handles,  rulers,  paper-cuttei-s,  penliolders,  neck- 
laces, bracelets,  brooches,  paper-weights,  crochet  needles,  silk  winders, 
marbles,  brace  and  shirt  studs,  seals,  and  rongh  stones  polished  on  one  side. 
Within  the  last  thirty  years  (18^1),  part  of  the  trade  with  Arabia  lay 
through  Vera val  in  South-west  Kattywar.  At  present  (1878).  except  a  very 
small  supply  for  the  Sind  and  Kabul  markets  taken  by  the  horse-dealers 
and  other  Afghans  who  visit  Cambay,  the  whole  produce  is  bought  by 

*  In  17S7,  Mal<«luip«d  stooM  went  to  Europe  mad  Arabia,  pearl-whapod  atoiMi  u  lAg 
H  •  pi«tol  bitll  to  China,  and  octagons  to  tho  Guinoa  CoMt  and  Mozaxnbiqua.  Hovo't 
ToWM  :  Boiubwy  Qovoruutent  8«.'liH;ti(m8,  XVI,  40. 

*  Jet  omameuts  were  fonuerly  (1861)  export«d  to  Ainbia;  of  kte  y«an  tkv  tRMlaLu 


*  The  dcmaod  for  nwklaces  of  oblong  fiat  beads,  katH,  is  naiU  to  havo 
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Bombay  merchants,  chiefly  of  the  Bohora  custe,    and  by  them  sent  from 
Bombay  to  China,   Arabia,  and  Europe. 

"  According  to  the  latest  details,  the  trade  in  Cam  bay  stones  at  present 
supports  aboat  600  families  of  skilled  workmen,  and  from  500  to  600 
unskilled  labourors.  The  skilled  ivorkmen  are  all  Kanbis,  the  labourers 
Af  iLqalmans  and  Kolia.  The  whole  body  of  skilled  workmen  includeB  four 
distinct  classes,  each  engaged  ou  a  separate  process.  Compared  with  the 
1850  returns,  the  figures  for  1878  show  a  fall  from  200  to  100  in  the 
number  of  polishers  on  the  rough  8tone»  dolias.  On  the  other  hand,  the 
workers  on  the  lapidaries*  wheel,  ghasias,  have  remained«8teady  at  300 ;  the 
drillers,  vindhars,  and  the  polishers  on  the  wooden  frame,  patimarg,  at  50.* 

"  Each  process  is  carried  on  in  a  distinct  workshop.  At  the  head  of  eack 
workshop,  Jcarkhana^  is  a  well-to-do  Kanbi  known  aa  the  karkhaiuiwahi,  or 
head  of  the  factory.  This  headman,  though  generally  not  above  working 
with  his  own  hands,  has  under  him,  besides  a  varying  number  of  labourers, 
from  two  to  ten  skilled  workers.  The  skilled  workers,  all  grown  men,  as 
women  and  children  do  not  help,  receive  monthly  wages,  each  according  to 
the  work  he  has  done  ;  the  unskilled  labourers,  many  of  them  boys,  are  puid 
by  the  day  or  as  their  services  are  wanted.  From  the  richest  of  the  work- 
shop heads,  the  highest  class  of  agate  workers,  the  agate  dealers,  akikliis, 
are  recruited.  The  akikia,  who  must  be  a  man  of  some  capital,  buys  the 
stones  as  they  come  rough  into  the  Cambay  market.  In  hia  factory  the 
rough  stones  are  sawn  and  chiselled,  and  then,  according  to  the  nature  of 
the  stone  and  the  xuse  to  wliich  it  is  to  be  put,  he  hands  it  over  to  the  head- 
man of  one  of  the  polishing  factories.  When  the  work  is  completed.,  the 
Cambay  dealer  disposes  of  the  finished  articlets  to  the  agate  merchants  oi 
Bombay,  or  sends  them  thi-ough  Bombay  to  Calcutta,  China,  or  Jeddn 
According  to  the  returns,  the  number  of  agate  dealers,  akikin^,  in  Cambay 
has,  during  the  last  twenty-five  years,  fallen  from  100  to  50. 

"  In  each  branch  of  the  craft  the  heads  of  factories  form  a  distinct  guild 
or  panchayat.  There  is  the  guild  of  polishers  on  stone,  (lolia  panchayiit ;  of 
polishers  on  wood,  pat imar  ptmchayat :  of  workers  on  the  lapidaries*  wheel. 
ghasia panchayat ;  and  of  drillers,  viinihur  panchayat.  Above  them  is  tli< 
dealers'  guild,  akikia  panchatjnt,  in  whose  factories  the  work  of  sawing  anii 
chiselling  is  carried  on.     Over  each  of  these  guilds  a  headman,  chosen  by 


■  Within  tlte  liut  thirty  yvars  alxiut   167  families  of  ajBrnie  workers  Imve  nlNuitloiitMl 
their  croft.    Of  these,  7  have  gone  to  AhmcxLibiul ;  10  to  Baroda ;  25  to  Boiulmy ;  atid 
12S  have  become  cnltivaton  in  Cambay.     Those  in  Ahmctkhod  have  taken  !<►  nilk-wrnvin- 
thoao  in  Barocla  to  tobacco-belling,  poli^ihin^  pr^cionx  stones  and  weaving ;  tho<«.<  in  It" 
to   stoue-poILihing   and  gla«8-iuendinp.     Tlic  Bombay  settU'ni  still  keo]>  up  their  conno<ti<in 
with   Cambay,    going  there    for   marriage   and   death   ceremonies.     The;r   have  also,   Imth 
publifly   aiid  in  their  hotues,  shrines  reprcwnting  tin'  tomb  nf  t\w  founder  of  iMt  <  -..m 
(These   and  some  of  the  particulars  about  the  trade  unioue  have  lx'«u  ubtaiiuxl  from  •  u.     t 
the  Kanbis  settled  in  Bombay.) 
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the  votes  of  the  membei'Sf  presides.  There  ia  no  combmation  among^  the 
workers  in  the  different  factories,  and  there  is  no  record  of  any  dispute 
between  the  workers  and  their  employers.  Any  skilled  worker,  who  raises 
himself  to  be  head  of  a  factory,  may  become  a  member  of  the  guild  of  the 
branch  of  the  craft  to  which  he  belongs.  On  joining  a  guild  the  new-comer 
is  expected  to  give  a  feast  to  the  members,  the  expense  varying  from  £17 
10*.  to  £80  (Rs.  176-800).  He  is  at  the  same  time  required  to  pay  the 
Nawab  a  fee  of  from  £1  10*.  to  £10  (Ra.  15-100).'  From  time  to  time 
the  members  of  a  guild  hold  a  feast,  meeting  the  charges  out  of  the  oommoo 
funds.  In  any  factory,  if  one  of  the  skilled  workers  wishes  to  have  a  son 
taught  the  craft,  or  if  a  new  hand  is  anxious  to  join,  he  gives  a  dinner  to 
the  head  of  tlie  workshop  and  to  the  other  skilled  workers.  Except  in 
making  arrangements  for  the  unpaid  service  due  to  the  Nawab,  the  trade 
funds  would  seem  to  be  applied  to  no  purpose  but  that  of  entertaining  the 
members.  When  a  guild  feast  is  held,  if  one  of  its  members  chaneea  to  be 
sick,  his  share  of  the  dinner  is  sent  him.  With  this  exception,  the  pmctico 
of  Ofiing  trade  funds  to  support  the  sick  or  those  out  of  work,  or  to  provide 
for  widows  and  orphans,  is  unknown. 

"  On  paying  the  Nawab  a  fee,  and  agreeing  to  meet  the  customary 
charges,  including  a  yearly  subscription  of  £1  4ts.  (Rs.  12),  any  member  of 
one  of  the  under-guilds  may  become  a  dealer,  akikia.  About  four  years 
ago,  the  heavy  cost  of  joining  the  akikia  guild  caused  a  dispute.  Certain 
of  the  polishers,  ghasias^  claimed  the  right  to  deal  in  stonus  without  be- 
coming members  of  the  akikia  guild.  The  regular  dealei-s  were  too  strong 
for  them,  and  failing  to  get  any  basiness,  they  were  forced  to  leave  Cambay. 
With  some  families  of  di'illers  they  retired  to  Alimedabad.  Bat  finding 
themselves  no  better  off  there,  they  returned  to  Cambay. 

"  The  guilds  are  useful  in  arranging  for  tiie  service  due  to  the  Nawab. 
When  the  Nawab  wants  a  lapidary,  he  tells  the  dealers'  guild  what  work  ho 
wishes  done.  The  chief  of  the  dealers  sonda  to  the  muster  of  one  workshop 
in  each  branch  of  the  craft,  telling  him  what  is  wauteil,  and  asking  him  if 
he  will  undertake  the  duty.  If  he  agrees, — and  there  is  generally  in  each 
class  one  master-worker  who  undertakes  the  Nawab's  orders, — he  receives 
from  £5  to  £6  (Rs.  50-60)  from  the  guild  funds.  Among  guild  rules,  one 
forbids  maater-sworkers  engaging  the  services  of  workmen  belonging  to 
another  factory.  Another  lays  down  certain  days,  amounting  in  all  to 
about  two  months  in  the  year,  to  be  kept  us  holidays.  lii*eaches  of  the 
rules  are  punished  by  fines  varying  fin^m  2*.  dd.  to  bf.  (Ks.  li-2^)." 


'  Some  years  ago  the  details  were,  to  join  the  Holla  fruild,  £19  (JB17  10*.  in  dluners 
aud  £1  10  t.  for  the  Nawab)  ;  tu  joiu  tlie  t/hatia  g^tiUl,  £37  (£35  tn  tltmiers  and  £2  for  the 
Nawab);  to  join  the  patimar  g«ild  £15  (£12  IOjt.  in  diiiufra  iiud  £2  10*.  for  the  Niiwiib)  ; 
aud  to  join  the  akikia  guild,  £00  (£tKl  in  dinners  and  £10  for  the  N.i\\ ah).  At  presvut 
(lb76)  a  feo  in  paid  to  Ibc  Nuwab  only  on  joining  the  akikia  ^ihL 
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For  an  interesting  sketch  of  tbe  early  history  of  this  trade,  reference 
may  be  made  to  the  Bombay  Gazetteer,  Vol.  VI,  p.  205, 

Tlie  actual  value  of  the  trade  is  less  extensive  than  may  have  been 
concluded  from  the  alwve  ;  in  1805  it  was  estimated  at  Rs.  63,280 ;  in  1848 
Ks.  94,900 ;  and  the  returns  for  tbe  five  years  ending  1878  give  an 
average  of  Rs.  70,000. 

Malwa :  Ujein,  Lat.  23°  10' ;  Long.  74°  47'.— There  is,  as  already 
stated  on  page  504,  a  geological  difficulty  about  accepting  the  view  ex- 
pressed by  Professor  M  iiller  that  the  material  of  the  murrhine  cup  was 
fluor  spar ;  if  it  was  obtained  at  Ujein  or  Ouzein,  or  any  other  locality 
within  the  trappean  area,  it  was  almost  certain  to  have  been  one  of  tho 
chaloedonic  minerals,  viz.,  carnelian  or  agate.  Fluor  spar  is  not  known 
to  occur  in  the  trap. 

Some  notices  of  carved  antique  gems  obtained  in  Afghanistan,  of 
which  carnelian  appears  to  have  been  the  favourite  material,  will  be 
found  in  the  papers  noted  below.  • 

Flint :  General  Remarks. — Flint  is  a  massive  compact  form  of 
silica,  and  is  generally  of  dark  colour.  It  breaks  with  sharp-cutting  edges 
and  a  conchoidal  surface.  The  chief  distinction  between  Hint  and  horn- 
stone  is  that  the  latter  is  more  brittle,  and  does  not  work  so  easily ; 
chert  is  an  impure  hornstone  which  occurs  in  bands  in  limestones. 

True  Hints  jire  of  rare  occurrence  in  India,  but  hornstones,  agates,  &c., 
have  been  largely  employed  in  prehistoric  times  in  the  manufacture  of 
the  knives,  &c.,  which  generally  go  by  the  name  of  flint  implements,  and 
some  of  them  afford  substitutes  for  gun-flints  and  flint  and  steel. 

Madras  :  TrichinopoU  District.— Flints,  almost  undistinguishablo 
from  English  chalk  flints,  are  found  at  Coorchycolum,  a  few  miles  south 
of  Vellur  and  to  the  south-east  of  Sainthoray.  They  ai-e  believed  to 
exist  as  a  continuous  band,  not  in  detached  nodules  in  the  highest  cretii- 
ceous  beds,  but  were  not  seen  m  *»/«,  though  shattered  fragments 
abound  on  the  surface  at  the  localities  above  indicated.* 

Gun-flints  are  said  to  be  obtainable  in  the  Bellary  district,  but  the 
nature  of  the  source  is  not  known.  ^ 

Bombay :  Dharwar  District :  Wodoorti,  about  2  miles  south  of  the 
manganese  locality  (see  page  ^31).  At  the  above-named  place,  Captain 
Newbold*  states  there  were  pits,  from  whence  Hyder  and  Tipu  obtained 
supplies  of  gun-flints  for  their  troops.     "They  are  of  a  yellowish-brow  a 

J  Jour.  Aa.  8«ic,  Bengal,  Vol.  IX.  pp.  97*100;  Vol.  X,  p.  613  j  VoL  XI,  p.  310. 
«  Blnnfonl,  U.  P.  Mem.,  O.  8. 1.,  Vol.  IV.  p.  213. 

*  Dbtrict  Man  11*1,  p.  95. 

*  MfKlnw  J«nirtmlof  Lit.  niul  8ci,,  Vol.  XI,  p.  16. 
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colour,  translucent  at  the  edges,  toug-h,  of  ft  jaspery  nature,  and  answer 
the  purpose,  it  is  said,  extremely  well/' 

Afghanistan. — Immediately  across  the  Kurram  on  the  Afghan  side 
opposite  to  Thai,  there  is  a  source  of  flint  much  resorted  to  by  the 
Yagi  tribes  for  gun-flints.  Mr.  Wynne'  has  described  it  as  a  rugged 
hill  called  Bakkarkanch  (flint-stone),  which  is  formed  of  masses  of  altered 
brecciated  beds,  some  being  altered  limestone  or  a  siliceous  rock  full  of 
augular  fragments  of  horustouc  or  flint  usually  mottled  or  banded  with 
reddish  or  dark,  purple  and  gray  tints. 

Punjab  :  Bannu  District — Flints,  obtained  from  the  nummuhtio 
limestones,  of  this  district  were  exhibited  at  the  Lahore  exhibition.^ 

Materials  for  Glass  Manufacture  j  General  Remarks. — This 

Would  hardly  be  a  suitable  place  for  describing  the  native  processes  of 
glass  manufacture.  Already  it  will  have  been  seen  that  India  abounds 
in  materials  suited  for  the  manufacture  of  glass.  The  simplest  material 
is  afforded  by  the  collection  of  reh,  which  contains  soda  in  the  form  of 
carbonate.  The  natural  impurity  consists  largely  of  silica,  so  that 
when  melted  a  coarse  glass  is  produced,  fi-om  which  the  women's  bracelets, 
called  eAurisj  are  manufactured.  In  many  parts  of  the  country  the 
natives  are  perfectly  well  aware  of  the  existence  of  suitable  materials, 
and  the  reason  that  the  manufactured  glass  is  not  of  better  quality  is 
that  the  furnaces  are  on  too  petty  a  scale,  and  the  heat  is  not  sufficient  to 
properly  melt  the  whole  mass  of  the  material ;  the  glass  is  often  spotted 
or  full  of  air  bubbles ;  but  there  is  good  reason  for  belief  that  under 
skilled  guidance  the  natives  of  India  would  become  admirable  workers 
in  glass. 

For  information  as  to  the  practice  of  glass*making  in  India  reference 
should  l>e  made  to  the  works  noted  below.* 


»  RoookLi,  Q.  9. 1..  Vol.  XII.  p.  in. 
3  Punjab  Pitxlucta,  p.  46. 

»  Hi!jfue.   Tracts,  p.  355.    Bwleu-PowuU.  Putijsib  Xlamifacturea.  Bilfour.    CjclojKvdiH, 
Art.— Glitaa. 
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CHAPTER  XIV. 
BISILICATES,    UNISILICATES   AND   SUBSILICATES. 

Jaos  OB  Nbphbitb — General  Remarks.  Jadsitb— General  Remarlu— Bengal — Miraapnr — 
Tnrkistan — ^Upper  Burma.  Asbbstos  ob  Akllkthus — General  Remarks^Madna — 
Salem—  Mysore — Bengal  —  Chutia  JJagpur  —  Afghanistan  —  Ponjab —  GarhwaL 
Bbbyl  ob  EiCBBALD — GkncTal  Remarks — Madras — Coimbatore — Bengal — Haxari* 
bagh — Rajputana — Pan  jab — Borma.  Gabkbt — General  Remarks — ^Madras — Nellore 
— Godavari — Vizagapatam — Hyderabad  —  Bengal  —  Chutia  Nagpur  —  Hazaribagfa  — 
Central  Provinces— Rajputana — Kishcngarh  —  Jaipur — Udepnr — Burma.  ZiBOOV — 
General  Remarks.  Iolitb  ob  Dichboitb  —  General  Remarks.  MiOA  —  General 
Remarks  —  Madras  —  Vizagapatam  —  Bengal  —  Hazaribagh — Behar — Oya — Central 
Provinces — Balaghat — Bombay — Elewa-Kanta.  Lapis  Lazuli —General  Remarks  — 
Badakshan.    Kyakitb— <}eneral  Remarks.    Topaz — (General  Remarks. 

Jade  s  Cteneral  Remarks. — Under  the  name  jade  several  different 
minerals  are  included ;  being  applied  to  similar  purposes,  they  are  not 
always  easily  distinguishable. 

Nephrite  jade  is  a  variety  of  the  hornblende  group ;  being  nearly 
allied  to  tremolite  in  composition,  it  is  a  lime  and  magnesium  silicate.  The 
name  nephrite  is  derived  from  the  Greek  ve^poj,  the  mineral  having 
been  supposed  to  be  a  specific  in  diseases  of' the  kidney.  It  is  used  for 
carvings  in  Burma,  China,  and  New  Zealand,  but  in  China  jadeite  is  more 
highly  esteemed,  while  much  of  what  is  sold  as  jade  is  really  prehnite  (a 
lime  and  aluminium  silicate).  Serpentine  is  also  sometimes  passed  off  as 
jade,  not  to  mention  very  clever  imitations  in  glass,  of  which  examples 
are  to  be  seen  in  the  bazaars  of  Burma,  and  apparently  also  in  those  of 
Central  Asia.  Some  samples  of  the  latter,  brought  from  Kashgarh,  were 
supposed  to  be  of  Russian  manufacture,  but  they  may  have  come  from 
China. 

Jadeite :  General  Remarks.— This  mineral  belongs  to  the  epidote 
group,  and  has  a  more  complicated  composition  than  nephrite,  including 
a  number  of  bases  combined  with  silica.  It  is  used  for  ornamental  pur- 
poses in  China  and  some  ornaments  found  in  the  ancient  Swiss  Lake- 
dwellings  are  said  to  have  been  of  this  material.  It  is  to  be  understood 
that  information  is  incomplete  as  to  which  of  the  above  minerals  some  of 
the  jades  mentioned  in  the  following  remarks  should  respectively  be 
referred. 
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Bengal  ■  Mirzapur  District. — Tn  ibis  district  Mr.  Mallet'  inentions 
tbut  the  horiiMoiide  io<^k  west  of  Diimraliiir  and  Urjiuit,  owin^  to  its 
light-gray  colour  would  he  more  approjuiately  called  tretnolite,  and  that 
iu  places  it  passes  into  the  condition  o£  jade.  In  this  form  it  is  met 
with  between  Kotamowa  and  Bumnee  (Bhamni),  and  at  the  top  of  the 
Kurea  Ghat,  where  hands  from  one  foot  to  several  feet  in  thickness  are 
ioterbedded  with  mica-schist ;  an  olive-green  jade  occurs  north-west  of 
Kisari,and  jade  is  also  found  associated  with  the  corundum  at  Pipra  {vide 
Chapter  IX). 

Turkistan  •  Karakash.— Though  beyond  our  limits,  it  will  not  be 
otherwise  unsuitable  to  introduce  here  a  short  notice  of  the  jade  mines  of 
the  Knenliin  range,  eince  they  have  been  visited  and  deacribe<l  by  a 
former  officer  of  the  Geological  Survey  of  India,  the  late  Dr.  F.  Sto- 
liezka.*  The  Karakash  mines  are  situated  about  17  miles  from  Shahidula. 
in  a  south-westernly  direction.  The  actual  mines,  which  are  shallow 
pits  with  short  galleries  at  the  lx)ttom,  are  very  numerous,  and  at  a 
distance  look  like  pigeon-holes  on  the  side  of  the  bill.  The  principal 
rocks  with  which  the  jade-bearing  veins  occur  are  syenitic  gneisses  with 
micaceous  and  hornblendic  schists. 

The  jade  is  associated  in  the  veins  with  a  white  crystalline  mineral, 
the  nature  of  which  was  not  determined.  As  it  was  not  affected  by  the 
blow-i>ipe,it  cannot  have  been  a  zeolite  as  was  suggested.  It  seems  pos- 
sible th:it  it  may  have  been  a  dolomite,  as  it  is  said  to  have  been  coarsely 
crystalline,  and  to  have  exhibited  rhomlwhedral  faces  on  a  fresh  fracture. 
The  jade  varied  in  colour  from  pale  green  to  a  dark  green  like  the 
colour  of  ordinary  serpentine.  The  pale  green  was  the  most  common  ; 
there  was  also  some  white  jade.  The  translucent  green  variety  was  rare, 
only  occurring  in  thin  veins,  and  was  often  full  of  flaws.  Some  of  the 
veins  of  pale-green  jade  were  10  feet  thick,  the  hardness  was  about 
equal  to  that  of  common  felspar  or  below  7.  These  mines,  it  is  believed, 
h.ave  been  worked  by  the  Chinese  for  many  centuries,  but  had  been  aban- 
doned when  they  were  driven  out  of  Yarkand  in  186*.  It  is  not  impro. 
bable  that  working  them  has  been  resumed  since  the  Chinese  have  again 
taken  possession  of  the  country. 

As  fragments  of  jade  are  to  be  seen  in  most  of  the  strefams  from 
the  Kuenlun  range,  it  is  believed  that  the  veins  have  a  wide  extension  ; 
but  the  superficial  covering  on  the  rocks  makes  it  difficult  to  trace  thera 
out.  Somewhere  south  of  Kotan,  there  are  other  mines  of  great  antiquity, 
which  were  mentioned  as  producing  jade  by  Chinese  authors  who  wrote 

'   RmiPd*,  0.  S.  1.,  Vul.  VII,  p.  51. 
«  Oj}.  rit.,  Vol.  V,  p.  22. 
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2^000  yean  ago.  For  manj  oentaries  a  sjBtem  of  dredging  the  nren 
of  Kotan  for  jade  has  been  in  practice.  The  name  for  jade  ia  »  in 
Chinese,  iasA  in  Eastern  Tnrldstani,  and  yathm  in  Persian.' 

By  some  anthorities  howerer  the  zu  of  the  Chinese  hjs  been  identified 
with  jasper,  and  Mr.  Prinsep*  considered  that  zm  was  green  qnaitz  or 
prase. 

Upper  Burma. — From  a  very  complete  fitumS  of  the  a:failable 
information  regarding  the  jade  mines  of  Upper  Burma  by  Dr.  J. 
Anderson,'  we  learn  that  the  mines  are  in  the  Mogoang  district,  25 
miles  to  the  south-west  of  Meinkhum.  The  pits  do  not  exceed  20  feet  in 
depth,  and  the  jade  is  described  as  occurring  in  loose  bouldera.  Some- 
times 1,000  men,  Shans,  Chinese,  Panthays,  and  Kakhyens,  used  to  be 
engaged  in  digging.  There  used  to  be  a  large  trade  in  the  mineral,  much 
of  it  going  to  Momein,  where  it  was  manufactured  into  ornaments. 

At  Bhamo,  Dr.  Anderson  bought  rings  of  jade  for  Bs.  4  each -of 
the  quality  which  at  Canton  would  sell  for  £2.  Taxes  are  laid  on  the 
industry  at  all  stages,  and  in  1836.  the  annual  reyenue  derived  from  it 
was  Bs.  40,000. 

At  Momein  a  pair  of  bracelets  fA.  the  finest  jade  eost  about 
Bs.  100.  Dr.  Anderson  describes  the  method  of  cutting  the  jade  by  means 
of  circular  discs  of  copper  which  are  charged  with  silicons  mud  and 
what  appeared  to  be  mby-dnst.  The  most  valuable  jade  is  of  an  intense 
bright-g^reen  colour  resembling  the  emerald,  but  red  and  pale  pinkish 
kinds  are  also  highly  prized. 

AsbestOB  or  Amianthus. — The  term  asbestos  is  applied  to  fibrous 
varieties  of  several  different  minerals.  Strictly  speaking,  it  ought  perhaps 
to  be  restricted  to  those  of  the  hornblende  series,  but  sometimes  a 
pyroxcnic  or  aug^tic  asbestos  is  met  with.  For  the  fibrous  varieties  of 
serpentine  the  term  chrysotile  should  be  used.  Amianthus  is  sometimes 
applied  to  them,  but  this  term  is  also  more  properly  applicable  to  fibrous 
varieties  of  hornblende. 

Many  of  the  uses  to  which  asbestos  are  put  are  well  known,  and  its 
properties  as  a  refractory  fire-resisting  substance  secured  its  employment 
for  special  purposes,  even  by  the  nations  of  antiquity.  The  number  of 
useful  purposes  to  which  this  incombustible,  non-conducting,  and  at  the 
same  time  pliable  material  can  be  put  is  constantly  increasing.  Among 
the  most  recent  and  important  of  these  additions,  the  preparation  of  a 

1  Conf.  Col.  Yale's  Marco  Polo ,  Vol.  I ,  p.  177. 
'  Joor.  A«.  Soc.  Bengal,  VoU  VI,  p.  266. 
'  Expedition  to  Yunan,  p.  66. 
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rope  which  is  used  for  packing  steam -pipes,  and  a  paper  board  or  felt, 
for  the  junctions  of  steam-pipes,  may  especially  be  mentioned. 

In  India,  tlioiig^h  asbestos  has  been  observed  and  collected  at  many 
widely  separated  localities,  both  in  the  peninsula  and  in  the  extra-penin- 
sular countries,  it  remains  still  to  be  shown  whether  it  is  anywhere 
sufficiently  abundant  to  l>e  of  ci:>mmercial  value. 

Madras:  Salem  District  and  Mysore  State. — According  to 
Dr.  Balfour,  asbestos  is  found  abundantly  in  both  Salem  and  Mysore.  It 
is  probable  that  a  large  proj)ortion  of  what  is  so  called  in  the  former 
district  is  chrysotile,  which  is  known  to  occur  with  the  serpentines  (see 
page  383);  if  so,  owing  to  the  water  of  crystallisation  which  it  contains,  it 
would  not  be  suitable  for  the  purposes  to  which  true  asbestos  is  appU* 
cable.  Information  regarding  the  asbeetos  of  Mysore  is  not  avaikble,  but 
it  may  be  worthy  of  attention. 

Bengal :  Ohutia  Nagpur. — In  the  metamorphic  rocks  of  Chutia 
Nagpm-j  more  particularly  in  those  of  the  Manbhuai  district,  true  asbes-* 
tos  has  often  been   found,  but  so  far  as  is  known  at  present,  there  are 
no  abundant  sources  of  it  there. 

Afghanistan. — According  to  Dr.  Balfour,  asbestos  is  found  at 
JelUilabad,  There  is  a  sample  in  the  Ge<3logical  Museum,  which  waa 
received  recently  from  the  Gabar  Mangal  country,  together  with  the 
statement  that  it  is  used  for  making' brooms.  Mr.  Wynne  states  that 
he  has  seen  specimens  from  2  miles  west  of  Segai  Kangah  Khost,  where 
it  is  so  plentiful  that  the  people  make  it  into  ropes  ;  the  locality  is 
stated  to  l>e  two  long  days'  journey  from  Thai  into  Afghanistan.' 

Punjab. — According  to  Mr.  Baden- Powell,^  a  fibrous  silky  mineral 
believed  to  be  asbestos,  is  found  in  the  Banuu  district,  and  a  hard  and 
stiffer  mineral  with  finer  fibre  was  obtained  for  the  Lahore  exhibition 
from  another  but  unknown  locality. 

(}arhwal. — Asbestos  has  been  foand,  it  is  said,  a  short  distance  from 
Ukhimath  in  Garhwal.  Mr.  Atkinson*  states  that  it  is  considered  to 
be  of  good  quality,  but  occurs  too  far  iuland  to  be  worked  with  profit.  It 
is  used  by  the  hill  people  as  a  dressing  for  wounds  and  bums^  and  as  a  wiok 
for  oil  lamps. 

Beryl  Emerald :  General  Remarks. — This  mineral  is  a  compound 
of  alumina,  glucina,  and  silica.  In  the  emerald  the  presence  of  less  than 
one  per  cent,  of  chromium  oxide  confers  the  rich-green  colour  character- 

«  Records,  O.  S.  I..  Vol.  XII,  p.  111»». 

»  Punjab  Prodacte,  p.  68. 

•  Ecouomic  Geology  of  Hill  Tr»ct«,  Nortli-Wcst  Pru^-iuces.  Punjab,  Ail«b<»1ifti?.  p.  34. 
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iiftic  of  the  gem.  Bj  Mr.  Lewj  it  was  sappoeed  that  the  colour  was  doe 
to  the  presence  of  a  carbaret  of  hydrogen  of  organic  origin.  But  the 
fact  that  emeraU  may  be  heated  to  a  high  tempeiatore  without  losing* 
its  colour  is  considered  to  diqirove  this  view. 

As  has  been  stated  ou  page  429,  the  oriental  emerald  is  a  green 
sapphire  or  comndam.  The  other  Tarieties  of  beryl  are  coloured  bj  oxide 
of  iron,  and  are  of  pale  tints.  The  name  aqnamarine  inclodes  those  of  m, 
•ea-green  or  bloish-green  coloar. 

As  is  well  known,  the  emerald  is  a  favonrite  stone  with  the  natiTes 
of  India ;  possibly,  had  it  been  produced  in  the  country  it  might  not  have 
been  so.  'With  the  solitary  exception  of  Ajmir,  in  no  part  of  India  is  it 
recorded  that  emeralds  have  been  found ;  and  the  Ajmir  emeralds  were 
perhaps  chryso-beryl.  In  all  probability  a  proportion  of  the  emeralds  now 
in  India  have  been  imported  overland  from  the  north  and  west  in  small 
parcels,  of  which  there  are  no  trade  returns.  It  is  considered  that 
Central  Asia  and  Siberia  have  been  the  principal  contributors ;  but  in  all 
probability  Peru  and  the  other  known  sources  of  emeralds  have  supplied 
their  quota,  and  the  imports  from  the  London  market  are  known  to  be 
considerable. 

liadras  <  Ckyimbatore  DiBtrict :  Fftddoor  or  Patialey  ^— A  beiyl 
mine  at  the  above  locality  has  been  described  by  Captain  Newbold,i  who 
visited  it  some  years  after  mining  had  ceased.  The  rock  is  a  vein  or 
dyke  of  coarse  granite,  consisting  of  quartz,  cleavlandite  felspar,  garnet, 
and  several  kinds  of  mica ;  the  greater  part  of  the  mass  is  porphjrritic, 
but  in  places  it  has  a  sort  of  fibrous  structure.  The  beryl  is  found  in 
nests  in  cavities  in  the  cleavlandite.  All  the  easily  accessible  masses  of 
it  had  been  broken  up.  The  mine  was  worked  for  two  years  about  the 
year  1818,  by  Mr.  Heath,  whose  name  has  been  mentioned  in  the  Chapter 
on  Iron.  The  villagers  had  previously  been  in  the  habit  of  collecting  the 
Wryl  and  selling  it  to  itinerant  jewellers,  who  again  sold  it  at  a  high 
profit  in  Madras. 

Aquamarine  crystals  from  Kangiam  in  Coimbatore  were  exhibited 
at  the  Vienna  exhibition.  The  aquamarine  from  Hindustan,  to  be  seen 
in  collections  in  Europe,  was  probably  all  obtained  in  Coimbatore.  Some 
crystals  of  enormous  size  are  said  to  have  been  sent  from  India. 

Caf>tain  Newbold  alludes  to  a  report  that  beryl  is  also  found  at  Yani- 
ambadi,  at  the  northern  base  of  the  Nilgins,  and  there  is  a  not  very  clear 
reference  by  Dr.  Clark*  to  the  occurrence  of  beryl  in  Mysore. 

>  Edin.  Phil.  Jonr ,  Vol.  XXXIX,  p«ge  171 ;  and  Madras  J<mr.  of  Lit.  and  Sci.,  VoL  XII. 
page  178. 

«  Madras  Joor.  of  Lit.  and  Sci.,  Vol.  IX,  p.  121. 
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Bengal:  Hazaribagh  District:  Mahabar  Hill. — According  to 
Mr.  Mallet,"  small  crystals  of  yellow  l)eryl  are  ubiindant  in  a  large  dyke 
wbicli  crosses  the  Tendwalia  river,  south  of  Mahahar  hill. 

Rajputana  >  Ajmir  District. — According  to  Dr.  Irvine,  small  rolled 
pieces  of  l)eryl  of  gr(?en  colour,  which  the  natives  regarded  as  emerald, 
though  they  knew  them  <o  be  softer  than  the  oriental  emerald,  nsed  to 
be  found  among  the  Sora  hills  near  Rajmahal  on  the  Banas.'  There  ifi 
apparently  no  more  recent  account  of  this  mineral. 

Pargab. — Beryl  occasionally  occurs  in  the  veins  of  granite  which 
traverse  the  gneiss  at  the  Wangtu  bridge,  and  for  some  miles  up  the 
Sutlej  and  Wangur  rivers,  also  in  the  similar  veins  of  the  Chandra 
valley,  above  the  Hainta  pass.  Mr.  Mallet^  who  collected  them  in  these 
localities,  states  that  they  are  generally  of  a  light-blue  c<^>loar,  but  are  too 
flawed  to  be  fit  for  jewellery.  The  mineral  is  found  in  those  parts  of 
the  granite  where  tourmaline  also  occurs.  The  largest  crystal  in  the 
Geological  Museum  from  this  locality  is  8J  inches  long  and  |  inches  in 
diameter. 

Burma. — The  Rev.  Mr.  Mason  states  that  beryls  have  been  found  in 
the  sands  of  the  Irawadi,  and  he  suggests  that  they  rait^ht  also  be  found 
in  the  streams  descending  from  some  of  the  granite  hills.  Authorities 
seem  to  be  divided  as  to  whether  the  true  emerald  has  been  found  in 
Burma.  Tlie  oriental  emerald,  however,  occurs  there,  as  has  been  already 
stated  (page  4^9). 

Garnet  t  General  Remarks. — The  varieties  of  garnets  are  legion ; 
they  form  a  genus,  the  speeies  belonging  to  which  vary  widely  in  their 
chemical  composition.  They  may  be  grouped  in  six  sections,  as  alumina- 
lime  garnets,  alumina-magnesia  garnets,  ahimina-iron  garnets,  alumina- 
manganese  garnets,  iron-lime  garnets,  and  lime-chrome  garnets,  or  in 
three  sections  simply,  as  alumina,  iron,  and  chrome  garnets,  in  which  one  of 
these  is  the  sesqoioxide  base  of  the  sihcate,  and  the  protoxide  base  is 
either  lime,  magnesia,  iron,  or  manganese.  To  the  alumina  section 
belong  the  precious  and  common  garnets,  and  also  the  cinnamon  stone; 
to  the  iron  section,  colophonite,  &c.;  and  to  the  chrome  section  green  gar- 
net or  ouvarovite. 

The  carbuncle  of  the  ancients  is  garnet  cut,  as  it  is  called,  en  cabuehon. 
The  art  is  still  practised  in  India,  and  the  stones,  when  of  good  quality 


>  Reccmb,  G.  8.  I..  Vol.  VIL  pAg«  43. 
»  Topography  of  Ajroir,  p.  160. 
'  Mem.,  G.  S.  1..  Vol.  V,  pogv  168. 
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and  well  cut,  are  very  beantifal  and  wonld  meet  with  more  esteem  were 
it  not  that  they  happen  to  be  cheap,  which  hi>s  pat  them  within  the  reach 
of  so  large  a  circle  that  they  are  made  bat  little  ase  of.  It  is  believed, 
however,  that  there  is  still  a  small  trade  in  them  from  Calcntta. 

Madras. — Garnets  occur  in  considerable  abundance  in  most  of  the 
districts  of  Madras,  gametiferons  varieties  of  gneiss  being  common. 
Green  garnet  was  found  by  Newbold  at  Sankerrydmg  in  Salem,  and 
the  variety  known  as  cinnamon  stone  or  hessonite  near  the  Seven 
Cairns  hill  on  the  Nilg^iris.  The  dark-brown  colophonite  is  widely  distri- 
buted.* 

Nellore  District. — Garnet  sand  is  collected  in  the  rivers  of  Nellora 
and  is  sold  by  the  natives  as  a  substitute  for  emery.  Mr.  Foote*  suggests 
that  staurolite,  of  which  an  abundance  is  to  be  had  near  the  Chundi 
hills,  would  be  a  more  efficient  substitute  on  account  of  its  greater  hard- 
ness. 

Godavari  District:  E^ondapillt,  Lat.  16°  S8' ;  Long.  80*^  86'. — 
Koudapilli  has  long  been  &mous  for  its  garnets  which  are  obtained 
from  the  detritus  of  certain  bands  of  massive,  gametiferous,  homblendic 
gneiss.    These  garnets  are  now,  however,  of  little  value.' 

Hyderabad  State :  Ghabibpbth. — ^At  this  locality,  which  is  8  miles 
to  the  south  of  Paloncha,  precious  garnets  used  to  be  collected  ac- 
cording to  Dr.  Voysey.*  They  were  found  at  a  depth  of  8  or  10  feet 
in  the  detritus,  from  which  he  was  led  to  conclude  they  had  been  formed 
there,  and  had  not  come  from  the  neighbouring  granite  rock  in  which 
garnets  of  inferior  character  only  were  to  be  seen.  The  g^amets  when 
collected  were  gpently  pounded;  those  which  did  not  break  were  con- 
sidered to  have  passed  the  test.  Kyanite  was  very  abundant  in  the 
granite.  According  to  the  Central  Provinces  Gazetteer,  large  quantities 
of  garnets  are  still  sent  to  Madras  from  Paloncha  to  be  made  up  into 
ornaments. 

ViZ£lgapatam  District. — Garnets  are  obtained  in  the  hills  near 
Galekonda.  Indeed  the  metamorphic  rocks  all  along  the  Eastern  Coast 
are  more  commonly  gametiferous  than  are  those  in  other  parts  of  the 
peninsula. 

Orissa.— vThe  bed  of  the  Mahanadi  in  Oiissa  contains  garnets  which 
used  to  be  washed  for  formerly.  Gametiferous  gneisses  are  very  abun- 
dant in  the  province. 

»  Jour.  Roy.  As.  See,  Vol.  VII,  p.  224. 

*  Mem.,  G.  S.  I.,  Vol.  XVII,  p.  164. 

»  King,  W.  Op.  cit.yol.  XVI,  p.  264. 

*  Jour.  As.  Soc.  Bengal,  Vol.  II,  p.  404. 
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Bengal ;  Chutia  Nagpur :  Hazajibagh  District. — In  several  loca- 
lities in  Hazaribagb,  iDcluding  the  etati«.>n  of  Hazarihagh  itflelf,  massive 
garnet  is  found  in  veins  in  the  metamorphic  rooks.  It  is  a  Bomewhat  puz- 
zling-looking rock  at  first  sight,  and  it  has  beeu  mistaken  for  oorundani) 
magnetite,  &c.  Ten  years  ago  an  attempt  was  made  to  push  it  in  the 
market,  but  it  apparently  could  not  fetch  remunerative  prices. 

In  the  year  1850,  Mr.  Piddington*  analysed  this  massive  garnet  and 
conferred  upon  it  the  name  calderit*.  From  the  numerous  varieties 
which  there  are  of  it,  it  is  more  appropriately  describefl  as  a  rock  than  a 
mineral,  as  it  does  not  possess  a  constant  composition.  The  assay  of  the 
purest  specimen  gave — 
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Ordinary  dodeeahedral  garnets  occur  in  the  schists  in  many  parts 
of  Chutia  Nagpur,  but  there  is  no  record  of  precious  garnets  having  been 
collected  there. 

Central  Provinces. — Gamete  are  obtained  in  the  bed  of  the  Goda- 
veri  near  Bhadrachellum,  but  they  are  not  of  so  good  a  quality  as  those 
from  Gharibpeth. 

Rajputanai  Kishengarh  State :  Sarwab.— Lat.  26°  4' ;  Long.  75' 
4' 80*. — At  this  locality  there  are  extensive  mines  in  the  Arvali  schists 
from  which  garnets  of  large  size  and  good  colour  are  obtained.^  In 
some  cases  the  mass  of  garnet  is  amorphous  in  structure.  According  to 
the  A jmir  Gazetteer,  the  Raja  derives  a  large  revenue  from  these  mines  j 
any  one  is  allowed  to  work  at  the  rate  of  one  rupee  per  man,  per  day. 
For  a  distance  of  about  a  mile  the  outcrop  has  been  burrowed  into.  It  is 
believed  that  the  large  polished  garnetB  cut  en  cahuchon^  which  are  to  be 
seen  for  sale  in  the  principal  towns  of  the  Punjab^  have  been  obtained  in 
these  mines. 

Jaipur  State:  Rajmahal,  Lat.  25"  53'  30"  ;  Long.  75* 21' 30".— At 
tills  locality  there  were  workings,  which  were  not  quite  so  extensive  aa 


1  Jonr,  A«.  Soo.  B«ng»l,  Vol.  XIX,  p.  145  ;  and  XX,  p.  307. 
>  Hackct.  C.  Rooorat,  O.  S.  L,  Vol.  XIH,  p.  246. 
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the  above,  but  they  were  conducted  on  the  same  priociple  and  were  in 
the  same  rocks. 

Udepur  State  i  Mwa,  Lat.  26*  25' ;  Long.  74'  37',— The  mines  here 
too  were  in  all  resjiects  similar. 

It  woultl  be  useless  to  enumerate  other  localities  in  India  where 
garnets  exist ;  indeed  materials  do  not  exist  for  preparing  a  complete  list. 

Burma. — In  Burma  garnets  of  bright  and  clear  colours  are  often 
sold  to  travellers  by  wily  Shan  jewellers  as  rubies. 

Zircon :  General  Eemarks. — This  mineral  is  a  silicate  of  Zirconia 
having  the  chemical  formula  Z,  O^  Jsi.  Its  square  prismatic  crystals 
belong  to  the  dimetrie  system,  but  it  is  sometimes  found  io  a  granular 
condition.  When  the  crystals  are  translucent  and  of  a  roil  colour  they 
are  called  hyacinth.  A  colourless  variety,  with  a  smoky  tinge,  which  is 
found  in  Ceylon,  is  called  jargon;  it  is  said  to  be  often  palmed  off  on  the 
unwary  as  a  diamond.  This  variety  is  used  in  the  jewelling  of  watches. 
Zircon  is  occasionally  obtained,  it.  is  believed,  in  the  ruby  mines  of  Upper- 
Burmaj  but  as  to  its  occurrence  in  India  there  is  no  information. 

lolite  or  Dichroite  i  General  Hemabks. — This  mineral  is  an  alumi- 
num, magnesium,  and  iron  silicate.  Its  crystals  are  rhombic  prisms  of 
the  trimetric  system.  It  resembles  sapphire  or  more  closely  blue  quartz, 
hut  may,  as  it  is  softer  than  the  former  and  is  readily  fusible  on  the 
edges,  easily  be  distingtiished  from  both.  It  is  found  in  Ceylon,  but  it  is 
not  known  to  have  ever  been  obtained  in  India,  and  the  sole  reason  for 
its  being  mentioned  here  is  that,  recently,  among  some  relics  ohtain- 
ed  at  Buddha  Gaya'  and  believed  to  have  been  ornaments  of  Asoka'a 
throne,  there  were  several  samples  of  iolite,  which  may  of  course  have 
been  brought  from  Ceylon.  It  is  noteworthy  that  these,  which,  if  the 
antiquarians  are  right,  must  have  been  buried  for  about  2,000  years,  show 
no  sign  of  superfical  alteration  or  decomposition. 

Mica :  General  Remarks. — The  group  of  minerals  known  collect- 
ively under  the  above  name  have  several  common  characteristics,  their 
principal  points  of  divergence  consisting  in  the  combining  ratios  of  the 
bases,  and  the  silicon  of  which  they  are  constituted.  The  light-coloured 
micas  generally  belong  to  the  species  known  as  muscovite  and  the  black 
to  biotite;  other  varieties  are  lepidolite  and  lepidomelauc.  Of  all  the 
species  the  only  one  having  any  real  or  extensive  economic  importance 
is  moscovite,  and  to  it  therefore  our  present  remarks  may  be  confined. 

1  Procdfs*.  As.  8oc.  Bengal.  1S81,  p.  88. 
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Muscovite  occurs  iu  oblique  rhombic  prisms  of  the  moclinic  Bystem. 
In  composition  it  is  somewhat  variable,  especially  in  reference  to  the 
water  which  it  contains.  Silica,  alumina,  potash^  iron  eesquioxide,  and 
fluoric  acid  are  its  ordinary  constituents. 

The  uses  of  mica  all  depend  on  its  transparency,  flexibility,  thinness  of 
its  foliflB,  and  the  ease  with  which  it  can  be  cut,  while  for  special  purposes 
its  not  being  affectecT  by  great  heat  renders  it  invaluable.  It  is  used  in 
lieu  of  glass  for  lanterns,  doors  of  furnaces,  and  iu  some  countries  in  win- 
dows. As  a  glazing  material  for  pictures  and  for  the  backin^^  of  mirrors, 
it  is  also  employed.  In  India  small  fragments  are  largely  employed  in 
the  tinsel  ornamentation  of  temples,  palaces,  banners,  &c.  In  j>owder 
it  is  used  for  ornamenting  pottery,  and  even  the  clothes  of  the  natives. 
By  native  artists  it  is  much  used  for  painting  on. 

Although  mica  is  one  of  the  most  widely  distributed  minerals  in 
India,  its  occurrence  in  plates  of  suflicient  size  to  be  of  commercial  value 
is  limited  to  a  few  particular  ti-acts.  All  the  mica  which  occurs  in  rocks 
other  than  those  of  crystalline  or  metamorphic  character  i»  fragmentary 
or  detrital,  and  of  no  subetiintial  value,  though  it  is  collected  to  a  small 
extent  by  the  natives  for  oniamental  purjwses.  The  plates  of  useful  size 
are  found  generally  in  veins  of  coarsely  crystalline  granite. 

Madras:  Vizagapatam  District :  Koduk. — ^Mica  of  sufficient  size 
to  be  worth  collecting  is  obtainable  at  the  above  locality,  but  as  it  sells 
at  the  mte  of  24  ixjunds  for  the  ruj^ee  it  cannot  be  of  a  very  good  quality. 
It  is  said  to  be  abundant.^ 

Bengal:  Hazaribagh  District.— The  fii-st  mention  of  mica  mines 
iu  this  district  appears  to  be  by  Surgeon  P.  Breton,  who  states  that  in  the 
year  lH'^6  large  transparent  laminae  were  procureil  a  Il-w  miles  to  the 
east  of  Hazaribagh  station  .^ 

In  IH49  Or.  McClelhuiJ"  «lescribed  the  mica  mines  at  Dhauvvi,  Dho- 
ba=Dhunbhar{?)  and  Ciuadrumma.  At  Dhanwi  the  mica  is  said  to  occur 
in  strata  alternating  with  coarse  gneiss.  The  plates  of  mica  are  associated 
with  large  crystals  of  felspar  and  amorphous  masses  of  quartz.  About  50 
to  100  men  and  boys  were  engaged  in  the  miues,  whicli  were  inclines  run- 
ning ^vith  the  dip,  and  as  many  more  women  and  children  occupied  them> 
selves  with  sorting  and  dressing  the  plates.  From  this  mine  alone  it  is 
staled  that  100,000  maunds  were  despatched  to  Calcutta,  where  they  wei*e 
fcold  at  the  rate  of  Rs.  7|  per  maund.  From  the  other  mines  still  greater 
amounts  were  produced,  and  were  sold  on  the  six>t  for  Rs,  4  a  maund.  These 

1  VizAgnpatAiit  Dislrirt  Mnnnnl,  p.  155. 

«  Trails,  of  tho  Mc<l.  and  IMiys.  S«w\  of  Culcuttn,  Vol.  II.  f,  261. 

»  Ao|iort  on  Geol.  8urv.,  1848-40.  p.  20. 
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amounts  seem  incredible,  as  in  other  words  the  total  annual  value  of  the 
mica  on  the  spot  at  the  three  mines  would  amount  to  upwards  of 
£120,000,  prohably  £1,200  was  nearer  the  actual  sum.  In  18^3  niQe 
mica  mines  were  at  work  on  the  Government  estate  of  Kodarma,  and  the 
annual  rent  amounted  to  only  Rs.  113-10-0. 

In  1863,  according  to  the  Statistical  Account  of  Bengal,'  10,000 
maunds  were  exported  at  Rs.  3  a  maund,  or  a  total  value  of  Ks.  S0,0UO  ; 
half  of  this  went  to  Calcutta  and  half  to  Patna. 

Bhub,  Lat.  2.4>'*  35';  Long.  85°  49'. — At  the  above  locahty  and  at  Jam- 
tara,  in  the  Khai-akdiha  pargana,  there  are  mica  mines  which  have  been  de- 
scribed by  Mr.  Mallet,  as  follows.  Having  given  the  geological  rehitinns 
of  the  granite  dykes,  which  he  considers  to  be  truly  intrusive,  he  says  that 
the  "coarsest  pegmatite  is  f  retjuently  found  in  dykes  of  moderate  thickneas^ 
in  which  therefore  plates  of  the  largest  mica  occur,  and  it  is  such  dykes 
that  the  miners  generally  select  for  their  operations.  They  pay  from  one  to 
two  rupees  each  per  annum,  according  to  the  richness  of  the  yield,  to  the 
owner  of  the  land  for  the  privilege  of  mining.  The  usual  mode  of  working 
is  simply  to  excavate  a  trench  along  the  course  of  the  dyke,  which  in  the 
Oawan  neighbourhood  is  seldom  carried  deeper  than  20  or  25  feet.  Some- 
times where  there  is  a  considerable  thickness  of  decomposed  mica  near 
the  surface,  rude  shafts  are  sunk  to  the  fresh  and  uninjured  mineral  and 
excavations  earned  on  laterally  from  the  bottom.  In  a  few  cases  also 
rough  horizontal  galleries  are  driven  in  from  the  side  of  a  hill.  In  the 
last  methods  of  course  artificial  light  is  necessary.  No  precautious  are 
taken  to  support  the  roof  and  accidents  are  not  Qnfre(|uent  from  its 
falling  in. 

"  The  plates  of  mica  are  generally  brought  to  the  miners'  villages,  and 
there,  after  being  slightly  trimmed  with  ordinary  gi'ass-eutting  knives, 
they  are  sorted  into  different  heaps  according  to  quality  and  size.  The 
quality  depends  on  the  mineral  beiug  in  a  perfectly  unaltered  eoudition, 
itii  transparency  and  freedom  from  cloudiness  caused  by  internal  foreign 
matter,  the  absence  of  minor  cleavages  which  render  it  liable  to  split  into 
ribbons  and  triangles,  and  the  planeness  of  its  fissile  surfaces.  Six  kinds 
are  recognised  according  to  the  size  of  the  plates,  wir.,  ht,  sattJAla;  2n(i, 
manjkla  ;  3rd,  rait  ;  4th.  karra  ;  dtA,  urtha  ;  OfJt,  admalla.  Some  of  the 
miners  interpolate  faUurtha  between  the  fifth  and  sixth,  and  speak  of 
another  size,  barka,  still  larger  than  admalla.  All  these  terms  are  used 
rather  vaguely  in  respect  to   the  ab»jlute  size  of  the  plates  indicated 


'  Vol.  XIII,  p.  171. 

'  Records,  O.  !*.  \  .  Vo|   VII.  j..  41. 
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thereby.  At  Dhub  and  Jamtam  the  miDers  were  induced  to  separate  a 
(juantity  of  the  mica  into  the  different  grades ;  measured  average  speci- 
mens of  each  gave  the  following  resulte  : — 


Sunjhla  .... 

Munjhla  .... 

Ra^i  .... 

Karra  .         <        .        . 

The  above  four  sizes  include  the  greater  portion  of  the  mica  found,  it 
being  only  in  the  best  mines  that  UrtAa  and  Admalla  are  procurable. 
The  largest  plates  which  were  seen  measured  19  X  H  inches,  and  StO  X  17 
inches,  but  considerably  larger  ones  are  sometimes  obtained, 

**The  mica  is  sold  by  the  load,  which  is  built  up  of  plates  either  into 
one  frustum  of  a  cone  and  carried  on  the  head,  after  being  bound 
together  with  cord,  or  in  two  such  and  carried  in  a  banghi.  A  load 
equals  6  panneriesj  one  patueri  being  equal  to  5  kackcha  seers  of  12 
chiltacka  each,  or  Z\  pakka  seers  of  16  cAUlacks  ;  the  load,  therefore,  being 
22i  seers  or  46  lbs.  avoirdujxjis.  The  miners  informed  me  that  the 
prices  paid  to  them  per  load  by  the  mahajans  were  ae  follows  :  mnjkla, 
3  annas;  manjhla,  5  annas;  raiij  7  annas;  karra,  12  annas;  urUa, 
Rs.  2  to  Rs.  5  ;  admalla,  Rs.  4  to  Rs.  9,  the  selling  prices  being  about 
double  these  figures.  The  value  of  the  large  plates  more  especially  varies 
greatly  with  the  quality.  According  to  Colonel  Boddam,  plates  of  first 
quality  of  18  inches  diameter  fetch  as  much  as  Rs.  GO  a  maund  in  the 
market,  or  about  Rs.  30  a  load. 

Within  the  past  few  years  some  attempts  have  been  made  by  a 
European  to  work  some  of  these  mines,  but  with  extension  of  the  oper- 
ations the  trouble  and  exijense  caused  by  water  has  increased  so  much 
that  the  work  has,  it  is  believed,  been  abandoned. 

Behar  :  Gya  District ;  Rajowli,  Lat.  24.*  40' ;  Long.  Hb"  S5'.— 
In  1>>51,  Captaiu  SherwilP  described  certain  mica  mines  which  are  on  the 
western  prolongation  of  the  zone  in  which  the  Hazaribagh  mines  occur. 

During  the  three  working  months  about  400  maunds  of  mica, 
yielding  by  calculation  23,(jOU,OOU  transparent  plates  9  inches  square, 
were  carried  away  from  these  mines  to  Patna,  The  value  of  the  whole 
was  estimated  to  be  about  Rs.  4,000.  The  miners  belonged  to  a  tribe 
called  Bandalhis,  who  were  paid  in  kind  about  Rs.  2  a  month  by  the 
mahajans.  Before  opening  the  mines,  sacrifice  to  the  tutelary  goddess 
and  general  drunkenness  were  essential  preliminaries.     The  pits  were 
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seldom  more  than  40  feet  deep,  and  were  forsakeu  when  tho^  became  too 
dark  to  work  in.  A  test  applied  to  the  mica  by  the  workimn  was  It.«i 
capability  of  reflecting  the  face  witliout  distortion. 

Oentral  Provinces  j  Balagbat  District.— In  this  district,  at 
Chitadougri  and  Banini,  near  Baihar^  mica  occurs  iu  plates  of  2  by  3  or  4 
inches ;  these  are  too  small  to  be  of  much  value,  but  it  is  stated  that  the 
lease  of  the  mines  were  taken  by  a  French  gentleman  resident  at  Mundla, 
with  what  result  is  not  known. ^ 

Bombay:  RewaKantha  District:  J  ambuohora. — Major  J.  Full- 
James,  in  the  year  ISoS,  directed  attention  to  the  mica  obtainable  at  thtJ 
above  locality  ;  the  plates  were  not  of  large  size  and  were  worth  only  from 
He.  1  to  Rs.  2  a  mauud  at  Baroda.^ 


Lapis  Liazuli  ••  General  Remarks. — Tliis  mineral,  otherwise  known 
as  ultramarine,  has  lost  much  of  its  value  in  modern  times  owing  to  the 
discovery  by  M.  Guimet  in  1828  of  an  efficient  artificial  substitute. 
Its  composition  is  somewhat  complex,  as  it  conlaius  silica,  alumina,  soda, 
lime,  iron,  sulphuric  acid,  sulphur  and  chlorine.  The  colour,  which 
varies  from  a  rich  Berlin  to  an  azure  blue,  is  supposed  to  Imj  due  to 
so<lium  sulphide.  The  composition  of  the  artilicial  substitute  is  iden- 
tical, or  nearly  so,  and  acts  similarly  under  chemical  tests.  Though  gener- 
ally found  massive,  its  crystals,  which  are  dodccahedrous  of  the  isometric 
system,  occasionally  occur.  The  presence  of  scales  of  mica  or  crystals  of 
pyrites  often  add  to  the  beauty  of  this  stone  when  polished.  For  ornamental 
purposes  its  uses  are  well  known  :  when  powdered  it  affords  the  benuli- 
ful  pigment  called  ultramarine,  which  is  worth  £5  an  ounce,  and  is  pre- 
ferred by  artists  in  consequence  of  its  posseting  greater  purity  and  clear- 
ness of  tint  than  the  artilicial  substitute.  The  latter  is  now  commonly 
sold  in  the  bazars  of  India  under  the  same  name,  lajicard^  for  about  Ks.  1 
a  seer,  while  at  Kandahar  in  the  year  1841,  according  to  Captain  llutton, 
the  true  lajtoardf  which  was  used  for  house  painting  and  book -illuminat- 
ing, was  sold,  when  purified,  at  from  Rs.  SO  to  100  a  seer.  Mr.  Emanuel 
states  that  the  value  of  the  stone  itself,  when  of  good  colour,  varies,  ac- 
cording to  size,  from  10  to  50  shilliugs  per  ounce.  In  Europe,  the  refuse 
in  the  manufacture  is  calcined  and  afEords  delicate  gniy  pigments  whicli 
are  known  as  ultramarine  ash. 

Lajttard  is  prescribed  as  a  medicine  internally  by  native  physicians ; 
it  has  been  applied  externally  to  ulcers.  That  it  possesses  any  real  theni- 
peutic  |)ower8  is  doubtful, 

*  Central  ProTinc<»  Gitzctteer,  p.  18. 

'  Balootioiu  from  Records,  Bombay  tiovcnuoeut.  No.  XXIII,  \%,  101* 
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Dr.  Irvine'  stated  iu  1841  that  lapis  lazuli  is  said  to  occur  in  tho 
Nagpahar  hills  of  Ajmir,  iu  association  wTth  iron  pyrites,  but  there  does 
not  appear  to  be  any  more  recent  record  of  its  occurrence. 

Accoixiing  to  Captain  Hutton/  the  lapis  lazuli  sold  in  Kandahar 
was  brought  from  Sadmoueir  and  Bijour,  where  it  is  said  to  occur  in 
1X1118868  and  uodulcs  imbedded  in  other  rocks.  He  obtained  a  small  specimen 
from  Major  Lynch,  which  was  said  to  have  been  brought  from  Hazara, 
and  he  heard  that  it  occurred  iu  Khelat.  Several  writers  speak  of  its  occur- 
rence in  Biliichistan,  but  possibly  this  may  be  due  to  some  coufusion  in 
names.  Beyond  a  question  of  doubt  it  does  exist  in  Badiikshan,  the 
mines  south  of  Firgarau,  in  the  Kokcha  valleys,  having  been  described 
by  Wood  iu  the  narrative  of  his  journey  to  the  Oxus. 

Badakshan:  Firgamu:  Mines,  Lat.  36°  10';  Long.  7V. — Th« 
position  given  is  that  of  the  mines,  not  of  Firgamu,  which  lies  some 
milc^  further  down  the  valley. 

The  entrance  to  the  mines  is  on  the  face  of  the  mountain  at  an  eleva- 
tion of  aboat  1,500  feet  above  the  level  of  the  stream.  The  rocks 
are  veined,  black  and  white  limestones.  The  princi|>al  mine,  as  re- 
presented iu  elevation,  pursues  a  somewhat  serpentine  direction.  Tho 
shaft  by  which  you  descend  to  the  gallery  is  aibout  10  feet  square,  and 
is  not  so  perpendicular  as  to  prevent  your  walking  down.  The  gallery 
is  30  paces  long  with  a  gentle  descent*  but  it  terminates  in  a  hole  itii 
feet  in  diameter  and  as  many  deep.  The  gallery  is  12  feet  in  diameter, 
and  as  it  is  unsupported  by  pillars  accidents  sometimes  occur.  Fires 
are  used  to  soften  the  rock  and  cause  it  to  crack ;  on  being  hammered 
it  comes  off  in  flakes,  and  when  the  precious  stone  is  disclosed  a  groove 
is  picked  round  it,  and  together  with  a  portion  of  the  matrix  it  is  prised 
out  by  means  of  crowbars.  Three  varieties  are  distinguished  by  the 
miners,  the  nili  or  indigo-coloured,  the  aamani  or  sky-blue  and  the  sabzi 
or  green.  The  labour  was  compulsory  ;  and  mining  was  only  practised  in 
the  winter.  According  to  Wood,  these  mines  and  also  those  for  rubies  had 
not  been  worked  for  four  years  as  they  had  ceased  to  be  profitable. 
Possibly  this  may  have  been  partly  due  to  the  fall  in  value;  according  to 
Mr.  Baden-Powell,  recent  returns  represent  the  export  as  amounting  to  only 
2  seers  ;*  but  Colonel  Yule,  in  his  book  of  Marco  Polo,  states  that  the  pro- 
duce was  8U  to  bu  poods  (3t)  lbs  each)  annually,  the  best  qualities  selling  at 
prices  ranging  from  £1'2  to  £24  per  pood.     Mr.  PowelPs  figures  perhaps 

•  Topography  of  Ajtuir.  p.  162. 

»  Calc.  Jour,  of  Nnt.  Ilist,,  Vol.  VI,  p.  604. 
'  Loiiiloii,  J.  Murray ,  \u  263. 

*  l^njttb  ProducU.  p.  65. 
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only  refer  to  the  exports  to  India.  Formerly  the  produce  from  these 
minesi  which  must  have  been  considerable,  was  exported  principally 
to  Bokhara  and  China,  whence  a  portion  found  its  way  to  Europe. 

Marco  Polo  says  that  the  asure  found  here  was  the  finest  in  the  world, 
and  that  it  occurred  in  a  vein  like  silver.  The  Yamgan  tract,  in  which 
the  mines  were  situated,  contained  many  other  mines,  and  doubtless 
Tavernier  referred  to  it  when  he  spoke  of  the  territory  of  a  Raja  beyond 
Kashmir  and  towards  Thibet,  where  there  were  three  mountains  close  to  one 
another,  one  of  which  produced  gold,  another  granati  (garnets  or  rather 
balas  rubies),  and  the  third  lapis  lazuli. 

A  small  quantity  of  lajward  is  said  to  be  imported  into  the  Punjab 
from  Kashgar,  and  a  mine  is  reported  to  exist  near  the  source  of  the 
Koultouk,  a  river  which  falls  into  Lake  Baikal. 


Kyanite:  General  Remarks.— This  is  a  subsilicate  of  alumina 
having  the  formula  Al,^  O5  Si.  It  occurs  in  gneiss,  hmestone  and  schistose 
rocks  in  thin-bladed  light-blue  crystals,  in  short  and  thicker  crystals,  or 
in  a  fibrous  condition.  Kyanite  is  sometimes  used  as  a  gem  and  has 
some  resemblance  to  sapphire.  Dr.  Walker^  in  his  account  of  Hyderabad, 
speaks  of  them  as  though  they  were  different  terms  for  the  same  mineral. 
The  crystalline  rocks  of  Hyderabad  contain  kyanite  in  some  abundance. 
It  is  of  tolerably  common  occurrence  generally  in  India,  and  there  are  few 
accounts  of  large  tracts  occupied  by  metamorphic  or  crystalline  rocks 
which  do  not  refer  to  its  presence,  but  in  consideration  of  the  fact  that 
it  is  not  a  6ul)stance  having  any  definite  value,  it  will  be  unnecesaary  to 
go  into  further  details  here. 

Topaz :  General  Remai'ks.— This  mineral  has  nearly  the  same  com- 
position as  kyanite,  namely  AI3  O5  Si,  except  that  a  part  of  the  oxygun  is 
replaced  by  fluorine.  The  crystals  which  are  rhombic  prisms  belong  to 
the  trimctric  system,  and  are  difTerently  modified  at  either  extremity. 
Topaz  is  only  found  in  metamorphic  rocks,  or  in  veins  which  traverse  them. 
The  colour  of  the  topaz  varies  a  good  deal ;  the  so-called  Brazilian  ruby 
is  often  a  yellow  topaz,  which  has  been  heated  so  as  to  bring  out  the  red 
colour.  Tlie  Brazilian  sapphire  is  a  topaz  of  a  deep  celestial  blue.  These 
varieties  are  in  themselves  valuable  as  gems.  They  may  readily  be  distin- 
guished from  true  rubies  and  sapphires  by  their  inferior  liardness;  on  tho 
other  hand  they  may  be  distinguished  from  several  varieties  of  rock  crystal, 
which  they  resemble  by  their  superior  hardness.  The  so-called  oriental 
topaz  of  jewellers  is  really  a  yellow  sapphire  or  corundum.    Of  tbo 

'  Hadriu  Jour,  of  Lit.  and  ScL,  Vol.  XVI,  p.  I8G. 
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occurrence  of  topaz  in  India  there  appears  to  be  no  authentic  record, 
a  reported  discovery  in  the  basalt  of  the  Rajmahal  hills  being  open 
to  question.^  Ceylttu,  it  is  believed^  yields  a  not  inconsiderable  pro- 
portion of  the  topaz  of  commerce. 

*  Oeok^gical  Report  for  1848^,  p.  61. 
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CHAPTER  XV. 

BUILDING  STONES. 

General  Remarks.  Igkboits  aito  Metamobfhio  Rocxa — Gbahitb  akd  Gvubs,  Ac, — 
Basalt  akd'  Tbap— Dbtrital  Rooks— Sakdbtokks—Latxbitb—S&atk — General 
Remarks— Madras  —Mysore — Kadapah  and  Kamul — Bengal — Mongbyr — Chntia  Nag< 
pur— Manbhum  and  Singhbhum— Central  Provinces — Berar — Rajpntana— Alwar — 
Bombay— Afghanistan— Punjab— Simla  and  Gnidaspor—Go^iaon—North-Wert  Pro- 
vinces— Kumaun— Darjiling. 

Building  Stones :  (General  Remarks.— In  this  chapter  there  is  a 
necessary  depaHure  from  the  order  of  arrangement  of  subjects^  which 
has  been  adopted  with  reference  to  all  the  rest.  There  are  two  reasons 
for  this  change^  one  being  the  magnitude  of  the  subject.  If  fully  dis- 
cussed there  should  be  an  amount  of  detail  for  which  there  is  now  no 
space  in  this  volume ;  and  it  is  perhaps  needless  to  remark  that  there  are 
several  works  in  which  the  architectural  part  of  the  subject  has  been  ex- 
haustively treated  of  by  specialists ;  on  Uie  other  hand^  both  the  calcare- 
ous and  magnesian  rocks^  which  afford  the  most  beautiful  and  in  some 
cases  the  most  durable  building  stoues,  have  already  been  disposed  of  in 
previous  chapters.  To  reintroduce  all  the  facts  here^  or  to  have  dissoci- 
ated the  particular  uses  of  these  classes  of  rocks  as  building  stones  from 
the  other  uses  to  which  they  are  put,  seemed  to  be  inconvenient  and 
undesirable ;  this  chapter  therefore  deals  only  with  a  part  of  the  subject^ 
namely,  those  building  stones  which  are  of  crystalline  (igneous  and  meta- 
morphic),  and  those  which  are  of  sedimentary  or  detrital  origin,  limestones 
being  excepted.  Under  these  circumstances  the  geographical  system  of 
arrangement  observed  in  other  chapters  has  not  been  followed. 

Throughout  the  Gangetic  valley  the  public  buildings  which  have 
been  erected  under  the  auspices  of  the  British  have,  until  quite  recently, 
been  built  almost  exclusively  of  bricks.  In  many  cases  the  difficulty 
of  obtaining  a  building  stone  within  an  easy  distance  of  the  towns  situ- 
ated in  the  alluvial  valley,  and  in  all  the  consideration  of  primary  economy, 
have  led  to  the  employment  of  bricks  instead  of  stone  in  the  construction 
of  our  offices,  courts,  private  residences,  &c.  Kven  in  parts  of  the 
country  where  good  building  stones  are  to  be  obtained,  bricks  are  often 
the  only  material  regularly  used.  It  is  no  doubt  this  feature  of  Anglo- 
Indian  architecture,  which  in  part  gave  rise  to  the  saying  that  if  the 
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English  \iih  India,  in  a  century  after  their  departure  no  sign  of  their 
occupation  would  remain. 

Unfortunately  the  use  of  bricks  Ciinnot  always  be  justifiefl  even  by 
the  appropJiate  or  ornamental  character  of  the  results.  If  durability  is 
8acrifice<l,  we  are  justified  in  asking*,  if  not  for  ornamental  structures  at 
least  for  buildings  calculated  to  make  this  trying  climate  somewhat  more 
endurable.  But  what  do  we  find?  To  quote  the  words  of  Major  (now 
Colonel)  Medley :  "  Who  does  not  know  the  scene  of  desolation  that 
comes  over  one  at  first  sight  of  some  of  our  Indian  cantonments :  the 
straight  and  dusty  roads,  the  rows  of  glaring-white  rectangular  barracks, 
the  barn-like  church  difFeriug  only  from  a  barrack  in  the  presence  of  a 
square  tower  and  clfis^ieal !  portico,  the  Roman  Catholic  Chapel  ditto, 
only  smaller  and  with  bright-green  doors  all  round''?  And  again:  "It 
must,  I  think,  be  allowed  that  the  true  principles  of  architectural  con- 
struction for  buildings  in  the  east,  which  are  to  be  used  by  men  habitu- 
ated to  an  entirely  different  climate,  have  not  as  yet  been  diecovered  ;  a 
mosque,  for  instance,  has  a  pleasant  temperature  both  in  winter  and 
summer,  while  a  Gothic  church  in  India  is,  as  a  rule,  either  very  hot  or 
very  cold.  I  do  not  say  that  Gothic  churches  are  unsuitable  to  India, 
but  only  that  they  are  so  as  we  now  build  them  ."* 

Of  late  years,  however,  and  since  the  above  was  written,  tlic  improve- 
ment in  design  of  public  buildings  in  our  larger  towns  is  very  marked. 

Temples  and  houses  built  in  the  native  style,  though  often  some\vhat 
close  and  ill-ventilated,  are  generally  considerably  cooler  than  any  Euro- 
pean buildings.  This  is  particularly  true  of  the  massive  stone  structures 
of  the  North-west. 

In  new  couutrics,  such  as  Australia  and  America,  the  engineer  or 
architect  often  experieuces  a  difficulty  in  determining  the  durability  of 
materials  which  he  may  wish  to  employ.  Even  in  England  this  difficulty 
is  not  unknown,  as  is  evidenced  by  the  failure  of  the  stone  usetl  in  the 
construction  of  the  Houses  of  Parliament;  but  in  India,  in  the  civilised 
part«,  wherever  building  material  occurs,  ancient  temples  or  other  native 
buildings  are  almost  sure  to  be  found.  These  furnish  all  the  information 
which  can  be  required  as  to  the  durability  of  the  stone  when  exposed  to 
the  atmosphere.  The  other  qualities  in  building  stones — strength,  ap- 
pearance, and  susceptibility  for  ornamental  treatment — can  all  be  deter- 
mined by  simple  and  readily  applied  tests,  but  there  is  no  known  speedy 
test  of  durability.  The  preseuce  or  absence  of  certain  minerals,  or  some 
peculiarity  in  the  structure,  are  causes  sufficient  to  determine  the  decom- 
position, which  may  be  more  or  less  protracted,  but  which  must  eventuate 
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in  the  disintegration  of  the  stone  and  the  consequent  disfigurement^  if 
not  total  destrnctiony  of  the  building  in  which  it  has  been  employed. 
With  examples  of  stonework  which  range  in  age  from  before  the  Chris- 
tian era  up  to  modem  timee^  the  engineers  and  aichiteete  of  India  hare 
thos  an  immense  advantage  over  thoee  of  newer  countriee. 

It  should  be  scarcely  necessary  to  observe  that  the  proof  of  a  certain 
formation,  affording  good  building  stone,  is  not  sufficient  to  justify  the 
conclusion  that  all  the  stone  of  that  formation  is  equally  durable.  Yet 
the  passing  of  individual  blocks  of  stone  is  under  these  circumstances, 
there  is  reason  to  believe,  often  performed  in  an  imperfect  manner. 
Cases  might  be  quoted  where  ilKchosen  stones  have  not  proved  equal  to 
the  work  which  might  justly  be  expected  from  the  material  had  a  little 
care  been  used  in  the  selection,  and  thus,  too  often,  a  material  has  re- 
ceived a  bad  name  and  evil  reputation  where  in  truth  its  qualities  hare 
not  been  put  to  a  fair  trial. 

Although  locally,  in  the  construction  of  bridges  and  other  works, 
where  stone  has  been  employed,  vast  numbers  of  coolies  have  been  train* 
ed  so  as  to  become  very  fair  stone-cutters,  still  the  number  of  highly 
akilled  artizans  is  probably  less  than  it  was  in  former  times,  when  the 
inhabitants  of  almost  every  district  in  India  into  which  Aryans  pene- 
trated erected  their  temples  of  stone.  In  many  cases  these  temples,  to 
the  present  day,  exhibit  admirable  workmanship  in  the  most  difficult 
materials. 

To  show  how  little  has  been  done  towards  developing  and  rendering 
these  resources  of  India  available,  it  is  only  necessary  to  refer  to  adver- 
tisements which  daily  meet  our  eyes  in  the  newspapers,  of  tombstones  of 
Al>erdeen  gmnite  and  Italian  marble.  In  further  illustration  of  this,  it 
may  be  mentioned  that  at  Raniganj,  120  miles  inland  from  Calcutta, 
there  were  to  be  seen,  at  the  potteries,  enormous  granite  mill-stones  for 
crushing  quartz  which  had  travelled  probably  15,U00  miles  to  their  des- 
tination,  while  within  a  radius  of  20  miles  several  places  could  have  been 
indicated  where  stone  suited  to  the  purpose  could  be  obtained  were  quar- 
ries only  opened  up. 

With  increased  facilities  for  carriage,  by  rail  and  canal,  and  with 
some  modification  of  the  traditions  in  favour  of  Public  Works  Df  f 

bricks,  we  may  yet  look  fonvard  to  a  time  when  the  splendid    ;  -^ 

materials  existing  in  India  will  bo  brought  into  more  general  use  for  our 
public  and  private  buildings.  And  we  may  thus  yet  hope  to  see  struc- 
tures of  an  ornamental  and  lasting  character  worthy  of  our  position  in 
this  country. 

Granite  and  Gneiss. — Most  of  the  so-called  granite  of  India  is  a 
granitoid  gneiss,  a  resultant  of  the  excessive  metainorphism  of  sediment* 
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nry  rocks.  To  what  extent  true  eruptive,  igneoas  granite  occurs  in  the 
peninsula  is  quite  unknown.  Grauit'C,  which,  from  its  physical  relations, 
one  may  venture  to  conclude  is  of  truly  igneous  and  eruptive  character, 
is  not,  however,  absent;  but  the  physical  relations  accompanying  ex- 
posures of  perfectly  unfoliated  granites  in  the  metamorphic  areas  of  India 
are  often  not  of  a  sufficiently  definite  character  to  enable  one  to  assert 
with  confidence  the  nature  of  their  origin.  There  is  no  crucial  test  which 
can  be  applied  to  determine  this  question.  Even  microscopical  examina- 
tion of  the  minerals  is  not  now  considered  to  afford  in  all  cases  an  infalli- 
ble guide.  These  remarks  seem  a  necessary  preface  to  the  following 
account,  as  travellers  and  antiquarians,  who  have  described  buildings, 
have  often  not  attempted  to  characterise,  more  than  by  some  very  gene- 
ral term,  such  as  granite  or  sandstone,  the  materials  of  which  they  have 
been  constructed.  Indeed  by  many  writers  the  term  granite  is  very 
incorrectly  used,  and  it  has  sometimes  been  applied  to  the  red  sandstones 
of  Northern  India. 

The  metamorphic  rocks  occupy  a  very  considerable  area  in  India.  East 
of  a  line  drawn  from  Rotasgarh  on  the  Sone  through  Amarkantak  toGoa, 
the  greater  part  of  the  countiy  consists  of  them.  The  younger  rocks 
which  do  occur  in  that  area  are  for  the  most  part  limited  to  basins 
of  comparatively  inconsiderable  size.  Metamorphic  rocks,  not  to  mention 
small  exposures  within  the  limits  of  the  great  basaltic  flows  of  Western 
India,  also  occur  in  Buudelkhaud,  Cuteh,  the  Garo  and  Khasi  Hills,  and 
in  the  Himalayas.  Whether  these  all  belong  to  the  same  age  or  not  is  a 
question  of  some  difficulty  and  uncertainty.  The  probability  is  that  thoy 
do  not,  but  iithologically  there  is  sufficient  general  resemblance  to  justify 
their  being  all  classed  together  in  this  account. 

The  varieties  of  metamorphic  rocks  suited  to  building  purposes  are  of 
course  very  numerous.  There  are  those  caused  by  structure  and  those 
due  to  composition.  By  the  former  character  they  arc  divisible  into 
foliated  and  non -foliated.  The  simplest  form  of  the  latter  is  a  binary 
eom|)ound  of  quartz  and  felspar,  or  pegnrntite,  sometimes  appearing  aa 
graphic  granite.  Then  there  are  the  ternary  compounds,  consisting  of 
the  two  minerals  just  meutioned,  with  the  addition  of  mica,  hornblende, 
or  talc,  which  are  known  respectively  as  granite,  syenite,  and  protogine. 
Various  modifications  of  these  four  varieties  are  produced  by  the  presence 
of  foreign  minerals,  such  as  oligoclase,  schorl,  garnet,  epidotc,  magne- 
tic iron,  &c.  As  building  stones  the  dense  crystalline  unfoliated  varie- 
ties are  the  most  durable.  The  presence  of  garnets  or  of  magnetic  iron  is 
likely  to  be  detrimental,  as  these  minerals,  under  the  influence  of  the 
atmosphere,  are  apt  to  disintegrate,  and  so  mar  the  appearance,  if  tliey  do 
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not  ultimately  endanger  the  stability^  of  the  edifices  in  which  stone  cod- 
taiuing^  thera  is  employed. 

In  the  alluvial  tracts  of  Beng^al  ancient  buildings  of  stone  are  of  rare 
occurrence.  Towards  the  west,  however,  in  the  rocky  districts  and  on 
their  liorders,  evidence  is  not  wanting  that  the  art  of  working  in  stone 
was  practised  whenever  the  material  was  available.  In  the  Ganges,  close 
to  Colgong,  there  are  several  small  hills  which  form  islands  iu  the  present 
bed  of  the  river.  These  hills  consist  of  piled  masses  of  a  very  comjjact 
gray  granite,  which  in  olden  times  used  apparently  to  be  resorted  to  for 
material  for  the  construction  of  temples.  The  old  boles  for  the  wedges 
arc  still  to  be  seen,  and  one  enormous  slab,  which  was  partially  split  off, 
was  ncTcr  removed  and  still  clings  to  its  place. 

In  Behar  many  temples  are  to  be  found,  in  the  constmction  of  which 
granite  was  employed.  Thus  at  Gya  some  of  the  Buddhistical  rails  and 
the  floorings  of  temples,  &c.,  are  of  this  material.  At  BaraW  hill  occur 
the  only  recorded  instances  in  Northern  India  of  artificial  caves  excavated 
in  these  hard  rocks.  In  sandstones  and  trap,  as  will  be  seen  hereafter, 
not  a  few  instances  can  be  quoted.  Throughout  the  Chutia  Nagpnr 
division,  sandstones  are  generally  more  or  less  accessible,  so  that  temples 
built  of  granite  are  of  by  no  means  cooimon  occurrence.  But  as  we 
proceed  southwards  along  the  Eastern  Coasts  from  Midnapur  through 
Orissa,  the  use  of  granite  seems  to  have  been  more  common.  At  Nilti- 
garh  hill,  in  pargnna  Ultee,  in  Orissa,  Hindu  temples  and  deities  are 
often  made  of  garnetiferous  gneiss,  as  are  also  some  large  figures  in  the 
Black  Pagoda  at  Puri. 

On  Mahendragiri  hill,  in  the  district  ot  Gaujam,  there  is  a  good 
example  of  what  was  not  uncommonly  the  practice  with  regard  to  the 
construction  of  these  temples.  On  the  top  of  the  hill  is  an  unfinished 
temple,  built  of  huge  blocks  of  porphyritic  gneiss,  which  on  their  exposeil 
laces  are  rough  and  uncut.  The  practice  appears  to  have  been,  not  U> 
have  attempted  any  ornamental  work  until  all  the  stones  of  the  build- 
ing were  in  position  and  then  to  have  pared  them,  so  to  speak,  into 
shape.  One  of  the  stones  in  this  temple  had  the  following  dimensions, 
9  feet  X  3  feet  9  inches  X  3  feet,  which  would  indicate  a  weight  of  about 
8  tons.  The  natives  get  over  the  difficulty  of  accounting  for  such  mega- 
lithic  structures  by  asserting  thera  to  be  of  supernatural  origin,  or  by 
saying  that  "  there  were  giants  in  those  days." 

In  his  report  on  the  Nilgiri  bills,  Mr.  H.  Blanford'  pointed  out 
several  places  where  excellent  building  stones  could  be  obtained  from  the 
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crystalline  rocks  j  but  not  much  use  has  been  made  of  them  hitherto. 
In  Mysore  a  variety  is  ohtainc?d,  which  can  be  split  into  |X)sts  20  feet  long, 
and  these  have  been  us«d  for  the  support  of  the  electric  telegraph  wire. 
As  readily  accessible  examples  of  the  useful  and  ornamental  purposes  to 
which  the  gneisses  of  Southern  India  have  been  put,  Mr.  King'  instances 
the  following :  A  polished  slab  of  quartzo-felspathic  gneiss  in  the  darbar 
hall  in  the  Rajah *8  palace  at  Tanjore,  which  measures  18  feet  x  16  feet  x 
2  feet  1|  inch;  a  sraaH  temple  in  the  north-west  conier  of  the  Pagoda 
court  at  Tanjore,  which  is  "  a  perfect  gem  of  carved  stone- work,"  the 
elaborate  patterns  on  which  arc  as  sharp  as  when  they  left  the  sculptor's 
hands.  Other  beautiful  examples  of  carving  are  to  be  seen  at  the  Flock 
pagoda  of  Trichinopoli,  at  Voloandapumm,  and  at  the  Chellumbrum 
pagoda.  '*  Even  at  Trivalur  near  Negapatam,  at  the  eastern  extremity 
of  the  great  delta  of  the  Cauvery,  nearly  fJO  miles  from  the  nearest  gneiss 
quarries,  the  great  pagoda  and  tank  are  surrounded  by  walls  of  massive 
gneiss." 

"  As  an  instance  of  the  peculiar  siisceptibility  of  gneiss  to  fine  carv- 
ings, the  rings  appended  to  the  drooping  corners  of  some  pagoda  build- 
ings may  be  mentioned.  These  rings,  the  links  within  which  are  move- 
able, and  tlie  projecting  corners,  are  carved  out  of  single  blocks  of  gneiss, 
such  as  may  be  seen  at  the  Strimustrnm  pagoda.*' 

Mr,  King  also  mentions  the  use  of  blocks  of  gneiss  in  the  construc- 
tion of  walls,  bands  of  tanks,  beach  groynes  at  Tranquebar,  culverts, 
bridges,  &c. 

At  Mahavellipur  or  Mahaballipuram,  in  the  Chingleput  District, 
there  are  a  wonderful  series  of  temples  which  have  been  carved  with  an 
incredible  amount  of  labour  out  of  solid  bosses  of  granite  in  situ. 

The  ancient  Druid-like  remains  called  Karumbar  rings,  which  are 
found  in  various  parts  of  Trichinopoli,  generally  consist  of  rough  blocks 
of  gneiss.  In  Chutia  Nagpur  old  settlements  of  the  Kols  made  use  of 
gneiss  in  the  erection  of  menhirs  and  dolmens.  But,  at  the  present  day, 
the  Kols  who  erect  such  memorials  for  the  most  part  dwell  in  a  part 
of  the  country  where  flags  of  schist  and  slate  are  readily  accessible,  and 
they  therefore  do  not  use  gneiss. 

In  Madras  Mr.  Foote'-'  according  to  the  beds  of  veiy  homblendic  gneiss 
which  occur  "  at  Palaveram,  Cuddapary  Choultry,  and  Puttandalum  are 
largely  quarried  for  the  manufacture  of  articles  of  domestic  use  as  well 
as  for  building  purposes."     Other   varieties   in  different  localities  in 
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Madras  are  mentioned  j  some  of  these  have  been  quarried  to  a  consider- 
able extent.  One  of  the  most  singular  uses  to  which  the  granitic  gneiss 
of  India  is  put  is  in  the  manufacture  of  agricultural  cart  wheels.  Mr. 
Foote'  has  described  this  industry  as  it  is  practised  in  the  Nellore-Kistna 
region.  They  are  made  of  various  sizes  up  to  6  feet  in  diameter,  the 
prices  varying  from  Rs.  8  to  lis.  20  per  pair.  They  are  said  to  become 
seasoned  and  stronger  by  age.  At  the  village  of  Kuchupudi,  about  lOO 
pairs  of  wheels  are  cut  every  year. 

Except  for  purely  local  purposes,  the  construction  of  bridges,  Sec,, 
where,  upon  economical  grounds,  the  rock  nearest  to  hand  has  been 
made  use  of,  the  varieties  of  granite,  gneiss,  &c.,  on  account  of  their 
hardness,  have  not  commended  themselves  as  building  materials  to 
English  engineers.  There  are,  throughout  the  country,  no  British  build- 
ings of  importance,  in  the  construction  of  which  these  materials  have 
been  used,  except  perhaps  for  rough  work. 

Bassalt  or  Trap. — Any  one  who  has  paid  the  smallest  attention  to 
the  subject  is  aware  that  the  greater  part  of  Western  India,  the  Deccan, 
and  the  Central  Provinces  is  occupied  by  a  vast  accumulation  of  eruptive 
rocks,  which  are  generally  spoken  of  as  Deccan  trap.  From  north  to 
south  these  rocks  extend  from  a  point  lOO  miles  south  of  Gwalior  to  the 
vicinity  of  Goa,  and  from  west  to  east  from  Bombay  to  Amerkantak,  thus 
covering  an  area  of  about  one-sixth  of  the  peninsula  south  of  the  Ganges. 
Roughly  estimated,  we  may  put  down  the  area  in  which  these  rocks 
prevail  at  200,000  square  miles.  On  the  eastern  side  of  the  peninsula 
too,  rocks,  which,  without  going  into  details  of  the  mineral  constituents, 
may  be  conveniently  spoken  of  generically  as  trap,  occupy  a  by  no  means 
inconsiderable  area,  as  in  the  Rajmahal  hills. 

From  the  evidence  afforded  by  the  sedimentary  beds  with  which  these 
rocks  occur  intcrbedded,  those  in  the  west  appear  to  be  referable  to  the 
close  of  the  cretaceous  epoch,  while  those  of  the  east  (Rajmahal)  belong 
probably  to  the  Jurassic. 

Tlie  whole  of  the  trap  rocks  which  are  used  for  building  purposes  are 
not,  however,  exclusively  derived  from  the  two  above-mentioned  sources. 
In  many  other  of  the  recognised  formatioua  in  India  the  trappean  rocks 
occur  as  dykes;  sometimes  these  are  basaltic,  but  in  the  older  forma- 
tions diorites  prevail. 

In  the  Deccan  and  Rajmahal  areas,  other  rocks  are  not  altogether 
absent,  as  there  are  not  only  the  sedimentary,  interst  rati  lied  rocks  above 
mentioned,  but  also,  on  the  outskirts,  the  deeper  valleys  occasionally 
disclose  rocks  of  older  formations. 
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The  former,  however,  are  not  generally  suited  for  building  purposee, 
and  are  therefore  less  used  than  trap,  which,  though  somctimeB  difficult  to 
cut,  is,  if  well  chosen,  a  most  durable  material,  and  is  moreover  suscep- 
tible of  much  delic^ite  and  artistic  treatment. 

As  might  be  anticipated  in  the  Deccan  area,  from  the  enormous  thick- 
ness of  these  rocks  which  occur,  the  lithological  varieties  are  numerous. 
These  varieties  are  due  both  to  differences  in  mineral  composition  and 
degrees  of  compactness.  With  regard  to  the  relative  adaptability  to 
building  purposes  of  the  various  kinds  of  rock  which  are  most  commonly 
met  with,  Mr.  Blanford '  remarks :  "  None  of  the  beds  containing 
zeolites,  intersi)ersed  in  irregular  strings  and  veins  throughout  the  mass, 
are  good.  They  are  too  soft,  brittle,  and  liable  to  decompose.  None  of 
the  ash  beds  are  equal  in  strength,  toughness,  or  resistance  to  the  atmo- 
sphere to  the  solid  basalts,  and  no  rock  of  a  red  colour  should  ever  be 
taken  for  building  purposes.  It  is  almost  always  decomposed.  Amongst 
the  very  best  beds  are  the  porphyritic  basalts,  such  as  those  which  form 
so  large  a  proportion  of  the  i*ocks  on  the  Thull  Ghat."  Mr.  Bell^  says  : 
''The  best  I  should  consider  to  be  the  bluish-green  basalt,  which  is  very 
hard  and  heavy,  having  a  specific  gravity  about  S'O,  and  which  rings  like 
a  metal  on  being  struck." 

Probably  the  first  use  to  which  trap  rock  was  put  in  India  was  in  the 
manufacture  of  stone  implements  or  celts^  of  which  specimens  are  occa- 
sionally found,  in  some  cases  far  removed  from  the  places  where  the  rocks 
occur.  To  a  very  early  period  must  be  referred  that  form  of  architecture 
which  consisted  in  hollowing  out  and  sculpturing  the  rock  in  tUu  into 
temples  and  dwelling-places,  of  which  we  have  magnificent  examples  in 
the  caves  of  Ajanta,  Ellora,  and  Elephanta.  These  caves  contain  sculp- 
tures and  inscriptions  indicative  of  their  Buddhistical  or  early  Brahmin* 
ical  origin.  Seveml  of  these  caves  are  assigned  to  a  period  from  200  to 
150  years  B.  C.  At  Gya,  acconling  to  General  Cunningham,  some  of 
the  Buddhistical  raih  are  made  of  basalt,  others  being  of  granite  and 
sandstone. 

Coming  down  to  a  more  recent  period,  we  find  on  the  eastern  side  of 
India,  trap  from  the  Rajmahal  hills  made  use  of  for  lintels  and  door-posts 
in  Hindu  temples,  and  not  unfretjuently  for  the  images  contained  inside. 
Trap  used  in  this  partial  manner  maybe  seen  in  many  of  the  old  buildings 
in  the  vicinity  of  Rajmahal  and  the  ruined  city  of  Gaur:  occasionally, 
too,  in  temples  in  the  Bardwan  district.  The  *  black  marble'  of  many 
writers  is  probably  only  this  material.     When  covered  by  offerings  of 

»  Mem.,  O.  S,  L,  Vol.  VT,  p.  879. 

*  Profcsftionikl  Papers  on  IiidiAii  Engineering.  Vol.  I.  2nd  SecMi»  p.  18& 


1^ 


3E0L0GY  OP  INDIA--BUILDINQ  STOXES. 


[Chap.  XV 


ghi,  it  is  often,  withotit  doing  what  in  the  sight  of  the  people  would 
be  regarded  as  desecration,  im possible  to  make  out  the  material  of 
which  the  images  are  made.  In  the  famous  Black  Pagoda  at  Puri  trap 
is  said  to  have  been  much  used ;  this  material  was  probably  derived 
from  dykes  in  the  metamorphic  rocks.  In  the  Deccan  and  surrounding 
trap  country  this  material  has  been  used  in  the  construction  of  forts  and 
native  buildings  of  various  kinds.  One  of  the  most  magnificent  works 
in  trap  is  stated  by  Dr.  Balfour  to  be  an  unfinished  tomb  of  one  of  the 
Gwalior  Princes  at  Puna. 

It  has  been  extensively  used  in  the  construction  of  bridges  and  sta- 
tions on  the  lines  of  railroad  which  traverse  the  trap  country,  but  from 
causes  for  which  the  stone  is  not  altogether  in  fault,  but  rather  the  lime 
and  workmanship,  the  work  has  not  always  given  complete  satisfaction. 

In  the  city  of  Bombay  trap  has  been  used  to  some  extent,  but  chiefly 
in  rubble  raasoniy.  All  the  finer  buildings  in  Bombay  are  constructed  of 
a  very  different  material,  as  has  been  mentioned  on  page  465.  The  prin- 
cipal use  to  which  the  trap  rocks  of  the  Rajmahal  hills  are  at  present  put, 
is  for  the  supply  of  Calcutta  with  road  metal. ' 

Sandstones.— Several  of  the  recognised  formations  in  India,  namely 
the  Vindhyan,  Gondwana,  Cretaceous,  and  Tertiary,  afford  sandstoncB 
admii-ably  suited  for  building,  and  some  of  thera  have  from  very  early 
times  been  largely  drawn  upon  for  the  supply  of  materials  for  thia 
purpose. 

Vindhyan  Sandstones. — Among  all  the  above  formations  the  great 
Vindhyan  series  stands  pre-eminent.  The  difficulty  in  writing  of  the 
uses  to  which  these  rocks  have  been  put  is  not  in  finding  examples,  but  iu 
selecting  from  the  numerous  ancient  and  modern  buildings  which  crowd 
the  cities  of  the  North- Western  Provinces  and  the  Qangetic  valley 
generally,  and  in  which  the  stone-eatter's  art  often  appears  in  its  high- 
est perfection. 

The  Lower  Vindhyans,*  consisting  for  the  most  part  of  shales  and  more 
or  less  flaggy  limestones,  and  from  the  inaccessible  position  of  the  rocks 
in  some  of  the  principal  places  where  they  occur,  as  in  the  Son  valley  and 
Bundelkhand,  have  not  been  worked  to  any  great  extent. 

The  Kaimurs,  however,  have  been  worked  extensively  at  Chunar, 
Mirzapur,  and  Partabpur,  as  well  as  at  minor  intermediate  points.     Tha 


'  Building  niftteriolB,  Bombay  Island,  Cuter'*  Qmlogy  of  Wcetern  India,  Boinlmy,  1857, 
p.  161.  Baildiug  stone  in  Western  India,  ICerewether.  Prof,  Papera  of  Ind.  Kug., 
Boorkee.  Vol.  VI.  1869,  p.  180.  Geology  of  Bombay  lalaud,  Wynne,  Mem.,  G.  S.  L,  Vol  V» 
1864.  p.  173. 
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saDdstones  are  in  general  fine-grained  and  of  reddish-yellow  or  greyish- 
white  colours.  They  occur  in  be<le  which  are  said  to  vary  in  thickness — 
at  Partabpur,  and  similarly  elsewhere,  from  6  inches  to  8  feet.  Those 
heds  often  spread  for  long  distances  without  any  joints  or  fissures  to 
break  the  continuity,  in  consequence  of  which  very  large  blocks  can  and 
have  been  extracted  for  various  purposes.  In  the  Rewah  group,  over- 
lying the  Kaimurs,  the  sandstones  are  not  so  much  used  for  building 
purposes.  "  This  is  due  partly  to  the  beds  being  frequently  coarse  and 
harsh,  and  greatly  subject  to  false  bedding ;  partly  to  the  fact  that  the 
Rewahs  do  not  as  a  rule  occur  close  to  the  Gangetic  valley  or  to  large 
cities.  Some  portions  are,  however,  of  superior  quality,  and  supply  all 
local  wants/'  Above  the  Rewahs  come  the  Lower  Bbaurer,  which  are 
tlescribed  as  being,  for  the  most  part,  coarse,  harsh,  and  gritty,  and 
occurring  only  in  thin  beds. 

The  Upper  Bhaurers,  however,  make  up  for  the  deficiencies  of  the 
underlying  group  by  affording  two  varieties  of  excellent  building  stone, 
one  dark  red,  sometimes  quite  unspotted,  sometimes  streaked  and  dashed 
with  yellowish -white  spots.  The  other  is  a  yellowish  white,  very  fine- 
grained rock,  perfectly  homogeneous  both  in  texture  and  colour.  The 
latter  is  said  to  be,  on  the  whole,  the  better  building  stone  on  a<}count  of 
its  more  uniform  colouring,  and  its  being  not  so  liable  to  disintegration 
from  the  effects  of  long-continued  exposure. 

Probably  the  earliest  use  to  which  any  of  the  rocks  of  the  Vindhyan 
formation  were  put,  was  in  the  manufacture  of  stone  implements,  many 
of  which,  formed  of  the  denser  indui-ated  varieties  of  sandstone,  have  bee?i 
found  in  India.  There  are  no  cave  temples,  or  at  least  none  of  much  note 
in  the  Vindhyan  sandstones.  But  there  are  memorials  of  a  very  different 
class,  many  of  which  date  from  a  period  before  which  the  idea  of  using 
stone  in  the  construction  of  houses  had  not  been  entertained.  At  any  rate, 
there  are  no  buildings  or  remains  of  buildings  which  can  with  safety  be 
regarded  as  belonging  to  so  remote  a  period.  These  memorials  are 
the  great  monoliths  or  /dt«,  m:iny  of  which  bear  the  edicts  of  Asoka, 
the  protector  of  the  earliest  Buddhists,  who  leigned  about  250  B.  C. 
Besides  these  pillars  he  is  said  to  have  erected  H,OUO  Buddhist  sanc- 
tuaries called  stupas  or  topes.*  Some  of  these  monoliths  arc  of  great 
size,  and  are  generally  polished  throughout  the  portion  intended  to  be 
exposed.  They  were  surmounted  by  carved  and  ornamented  capitals,  upon 
which  figures  of  lions  or  elephants  were  placed.  The  polished  portion  of 
theshaft  tapered  uniformly  from  base  to  summit,  and  in  every  way  these 
remarkable  monuments  testify  to  considerable  kill  in  the  stone-cutter's 

•  BiOfour's  CjrcloiModi*,  Art.— Asoka. 
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art.  Still  it  woald  appear  that  this  art  was  not  mada  use  of  in  the  erec- 
tion of  bnildings,  and  when  the  first  stone  temples'  were  ezcayated  and 
adorned  a  century  later^  the  stone  architecture^  as  pointed  oat  and  de- 
scribed by  Mr.  Fergusson,  was  a  "  mere  transcript  of  wooden  forms," 
showing  that  at  that  time  the  art  of  using  stone  for  these  purposes  was 
only  being  then  first  adopted,  and  that,  though  the  material  was  changed, 
the  workmen  continued  to  use  the  designs  suited  to  wood.  It  was  only 
gradually  through  several  succeeding  centuries  that  the  forms  and  designs 
became  suitable  to  the  material.  It  is  considered  by  the  best  authorities 
that  the  palaces,  temples,  and  buildings  generally,  of  those  early  times 
were  mainly  constructed  of  wood,  as  they  are  for  the  most  part  in  Burma 
and  Siam  at  the  present  day. 

As  these  Idts  afford  the  most  striking  evidence  which  can  be  given 
of  the  size  of  the  stones  which  are  obtainable  from  the  Yindhyan  sand- 
stones, and  the  durability  of  the  material,  the  following  enumeration  of 
the  principal  of  them  is  appended.  The  details  are  chiefly  from  General 
Cunningham's  Archsddlogical  Reports. 

>  stone  Monuments,  Fergnmon,  1872,  p.  466. 
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Plate  VIII  is  a  representation  o£  a  fonn  of  frame  which  is  used  in 
Northern  India'  for  the  purpose  of  lifting  large  blocks  of  stone.  The  first 
step  injthe  construction  of  one  of  these  frames  is  to  lash  two  strong  beams 
of  timber  on  either  side  of  the  stone ;  these  are  crossed  by  other  beams 
and  so  on  till  they  come  down  to  the  bamboo  cross-bars^  each  of  which 
accommodates  two  coolies.  Thus  on  their  shoulders  a  large  number  of 
men  are  enabled  to  bear  each  a  fraction  of  the  weight  of  a  yeiy  large 
mass  of  stone.  In  general  terms,  it  is  said  that  the  weight  of  the 
frame  is  about  equal  to  that  of  the  mass  to  be  lifted.  That  by  some 
such  arrangement  the  megalithic  buildings  of  early  times  Were  supplied 
with  stone  seems  very  probable.  Another  method  known  to  the  natives 
for  moving  large  masses  of  stone  was  to  piece  together  very  solid 
wooden  wheels  round  the  prismatic  masses  of  stone  which  thus  acted 
as  axles.  By  means  of  strong  cables  worked  by  very  crude  forms  of 
windlass  these  were  made  to  roll  in  the  required  direction;  for  a  reproduc- 
tion of  a  native  drawing  of  this  process  reference  should  be  made  to  the 
paper  quoted  below. ^ 

The  quarries  at  Dehri  on  the  Son  are  the  most  eastern  of  all  those 
which  have  been  opened  in  the  Vindhyan  rocks.  At  present  they  are 
largely  worked  in  connection  with  the  Son  irrigation  and  canal  projects^ 
The  stone  is  a  compact  whitish  sandstone  susceptible  of  artistic  treat- 
ment,  and,  what  is  of  more  importance  for  the  present  purpose  to  which 
it  is  put,  strong  and  durable.  'J'he  next  point  of  importance  where  there 
are  quarries  is  Chunar.  The  Ganges  river  has,  during  a  period  of  at  least 
2,0U0  years^  been  availed  of  as  affording  a  ready  means  of  transport  for 
the  excellent  building  stones  which  are  obtained  from  the  Enimur  rocks  at 
Chunar.  The  East  Indian  Railway  now  affords  an  additional  means  of 
transport,  but  is,  however,  not  very  much  used  for  the  purpose,  water 
carriage  being  so  very  much  cheaper. 

Benares,  and  other  cities  and  towns  of  less  note,  both  in  ancient  and 
modern  times,  have  largely  used  Chunar  sandstone.  The  gh&ts  at 
Benares,  the  palaces,  the  walls,  the  minarets,  and  many  of  the  temples 
are  built  of  this  material.  To  Calcutta  a  certain  quantity  is  brought  for 
paving  and  tombstones,  &c  The  only  stone  church  in  Calcutta  is  St. 
John's,  which  is  built  of  Chunar  stone.  It  has  also  been,  used  to  some 
extent  in  other  buildings  in  Calcutta,  but  for  paving  purposes,  as  has 
elsewhere  been  shown,  the  so-called  Bardwan  stone  has  also  been  em- 
ployed. 

>  SclectioiiB  from  Recortls,  North-West  Provinc««  Govonimcnt,  New  Series,  Vol.  V, 
p.  316. 

'  ProfeMional  Papers  on  Indian  Eugiueering,  2nd  Scries,  1878,  Vol.  Ill,  p.  1. 
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The  next  quarries  to  be  mentioned  are  thoBO  of  Mirznpur,  whichi 
with  those  of  Partabpiir  and  Seorajpnr,  have  supplied  Mirznpur  and 
Allahabad  with  material  for  the  construction  of  their  buildings,  both 
ancient  and  modern.'  Tlie  stone  for  the  Jamna  bridge  was,  according 
to  Mr.  Mallet,*  obtained  from  some  quarries  a  few  miles  up  the  river, 
whence  it  was  brought  down  in  boat«. 

From  this  theb'mits  of  the  Vindhyan  rocks  sweep  southwai-ds  forming 
a  great  bay,  and  the  next  place  where  they  have  been  worked  to  any  large 
extent  is  in  the  neighbourhood  of  Gwalior,  where  they  have  been  used 
in  the  construction  of  forts,  temples,  &c.  It  may  be  mentioned,  too,  that 
on  the  exposed  cliffs  of  sandstone  there  are  some  carved  figures  of  Titanic 
dimensions. 

Although,  as  was  remarked,  the  sandstones  of  the  Rewah  group  are 
not  generally  used,  still  "  in  the  neighbourhood  of  Hoshangabad,  and 
also  in  Sipri  and  Gwalior  some  thin  red  flags  from  i  to  1  inch  thick  are 
much  used  for  roofing.'* 

Pei'haps  the  most  important  quarries  in  India  are  those  in  the  Upper 
Bbnnrers  to  the  south  of  Bhartpur,  at  Patipur  Sikri,  and  Kupas,  which 
have  furnished  building  materials  since  before  the  commencement  of  the 
Christian  era  to  the  cities  of  the  adjoining  plains.  Portions  of  the  Taj 
at  Agra,  Akbar's  palace  at  Fatipur  Sikri,  the  Jamma  Masjid  at  Delhi, 
and  buildings  generally  in  Agra,  Delhi,  and  Mutra  (Mathura),  have  drawn 
upon  these  quarries  for  their  materials. 

To  quote  Mr.  Mallet  again  :  "  The  palace  of  the  Rajah  of  Bhartpur  at 
Deeg,  which  is  regarded  as  one  of  the  most  beautiful  edifices  in  India, 
testifies  at  cmce  to  the  excellence  of  the  stone  employed  and  the  skill 
attained  by  the  stone-cutters  of  that  district.  Cupolas  resting  on  slender 
shafts  of  2  and  3  inches  diameter,  arches  supported  on  strong,  yet  grace- 
ful pillars,  windows  formed  of  single  slabs  of  stone  perforated  with  the 
most  elaborate  tracing,  meet  one  at  every  turn." 

In  conclusion,  it  may  be  mentioned  that  the  sandstones  both  hero 
and  at  Chunar  were  largely  used  for  telegraph  posts;  the  facility  with 
which  some  of  the  varieties  split  rendered  it  possible  to  obtain  poets  16 
feet  long  of  material  which  would  resist  wkite-ants  and  the  action  of  the 
weather.  These  have  of  late  years,  however,  been  replaced  by  pillars  of 
galvanized  iron,  as  they  were  found  to  be  liable  to  snap  in  two  dnving 
stdTong  hurricanes. 

Thus  the  ancient  pillars  of  Vindhyan  sanjistone  have  been  instru- 
mental  in  annihilating  time  by  preserving  in  an  imperishable   record 

>  Owon.     ProfeMional  Papera  on  ladwn  Engineering,  Rurki,  Vol.  II,  1865,  p.  81. 

>  Mcui,,  O.  8. 1.,  Vol.  VII,  p.  116. 
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fragments  of  the  history  of  upwards  of  two  thousand  years,  while  the 
posts  of  to-day  have  been  subservient  to  the  destruction  of  8paoe»  for 
it  may  be  said  that  the  telegraph  which  bears  our  messages  from 
Calcutta  to  Peshawur,  over  a  distance  of  1,500  miles,  in  a  fow  «t'c(»u<Is  of 
time,  practically  overcomes  space. 

The  preceding  remarks  refer  only  to  the  Vindhyan  rocks,  as  exhibited 
in  the  Great  Vindhyan  and  associated  ranges  on  the  south  of  the  Gangetic 
valley.  In  order  to  complete  this  notice,  it  will  be  necessary  to  allude  to 
the  occurrence  of  rocks  believed  to  belong  to  the  same  geological  period 
in  other  parts  of  the  peninsula. 

Between  Sambalpur  and  Raipur,  in  the  valley  of  the  Mahanadi,  a 
series  of  sandstones,  shales,  and  limestones,  considered  to  be  contempo* 
raneous  with  the  Lower  Vindhyan  series,  occupy  a  considerable  area. 
But  in  that  part  of  the  country  there  has  as  yet  been  only  a  limited  de- 
mand for  building  stones.  Gradually,  however,  the  use  of  stone  in  the 
town  of  Raipur  is  increasing.  Again,  rocks  referable  to  the  Vindhyan 
series  occur  in  the  country  to  the  south  of  Nagpur,  in  the  region  about 
the  confluence  of  the  Wainganga  and  Wardah  rivers. 

In  the  Karnul  district  south  of  the  Kistna,  there  is  another  series  of 
limestones,  shales^  and  qunrtzites  which  is  considered  also  to  \ye  referable 
to  the  lower  Viudhyans.  Mr.  King,  in  his  description  of  these  rocks  and 
the  underlying  Kadapah  formation,  says  :  "There  is  no  lack  of  good  and 
easily- wrought  varieties  of  stone  all  over  the  district;  but  these  can  only 
become  of  yalue  as  they  are  locally  required^  or  as  the  means  of  com- 
munication are  opened  out  over  the  district." ' 

For  further  examples  of  the  uses  to  which  the  Vindhyan  sandstones 
have  been  put  in  ancient  times,  reference  should  be  made  to  General  Cun- 
ningham's Archaeological  Survey  Reports. 

Gondwana  Sandstones. — Among  the  sandstones  of  the  Damuda 
series  there  are  several  varieties  which  are  suited  for  building  purposes,  and 
which  have  already  to  a  small  extent  been  made  use  of.  Throughout  the 
Damuda  valley,  where  these  rocks  occur,  they  have  been  used  in  the  con- 
struction of  temples,  some  of  which  are  of  considerable  antiquity.  Among 
the  finest  examples  three  Jain  temples  at  Barakar  are  deserving  of  parti- 
cular notice,  as  exhibiting  some  rather  elaborate  carving  which  has  stood 
well.  But  still  more  ancient  work  in  this  material  is  to  be  seen  in  tho 
caves  of  Sirguja  and  Chang  Bakhar,  which  bear  inscriptions  in  the  old  Pd< 
character,  testifying  to  their  extreme  antiquity.  In  recent  times  the 
sandstones  at  Barakar  have  been  quarried  largely  for  local  use  in  the 

•King.     Kad^ipaand  Kanial  Formntion*.     Mrui ,  O   «    '    Vo?  VllI    «  ^n». 
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construction  of  the  Barakar  bridge,  and  for  various  purposes  in  connection 
with  the  Eiist  Indian  Railway.  A  considerahle  portion  of  the  new  High 
Court  in  Calcutta  is  also  bnllt  of  this  material.  Being  readily  accessible  at 
the  terminus  of  the  Barakar  branch  of  the  railway,  this  rock  will  probably 
always  be  more  or  less  used  for  purposes  to  which  brick  is  not  suited. 

In  Haearibagh  and  Ranchi  some  of  the  sandstones  of  the  Damuda 
series  have  been  used  to  a  small  extent,  and  the  flaggy  beds  of  the  under- 
lying Talchirs  to  a  somewhat  larger  extent,  for  paving  the  European 
barracks,  &c.  References  to  the^e  sandstones  will  be  found  in  the  numer- 
ous reports  on  coal-tields  iu  the  Memoirs  and  Records  of  the  Geological 
Survey. 

The  sandstones  of  the  various  g^ups  included  in  the  Upper  Gond- 
wana  series  have  been  largely  used  ;  the  members  of  the  older  groups  are, 
however^  in  many  cases  either  too  friable,  or  contain  too  much  iron  to  be 
lasting  when  exposed  to  the  atmosphere.  In  the  Bagra  group,  there  are 
sandstones  applicable  to  building  purposes,  and  which  have  been  use<l 
to  some  extent  locally ;  thus  the  Tawa  viaduct  is  built  of  these  sand- 
stones. 

Some  of  the  beds  of  sandstone  in  the  Jabalpur  group  yield  a  useful 
building  material.  A  very  dense  indurated  variety,  which  occurs  in  the 
station  of  Jabalpur,  has  been  quarried  to  a  considerable  extent  for  local 
purposes.*  The  viaduct  over  the  Narbada  below  Jabalpur  furnishes  the 
most  important  example  of  the  applicability  of  the  sandstones  of  this 
group  to  building  purposes. 

Close  to  Cuttack  there  are  sandstones  belonging  to  the  Rajmahal 
group.  These  were  used  in  the  construction  of  temples  at  Bobaneshwar, 
and  to  some  extent  for  various  building  pur[>os€s  in  Cuttack  j  but 
laterite  and  gneiss  seem  to  have  ^^een  more  largely  employed.  The 
famous  ancient  caves  at  Kundagiri  have  been  excavated  in  these 
rocks." 

The  intertrappean  rocks  of  the  Rajmahal  series,  whose  contained  fossil 
plants  present  a  markedly  Jurassic  facies,  consist  of  sandstone,  flag  beds, 
and  shales.  The  two  former  are  occasionally  employed  for  local  building 
purposes,  but  cannot  be  considered  to  be  of  much  importance. 

The  compact  sandstones  of  this  series  at  Conjoveram  and  several 
other  places  offer,  according  to  Mr.  Foote,  a  very  easily  dressed  and 
moderately  durable  building  stone.' 

»  Medicott.    Reconl*.  O.  8. 1..  Vol.  V,  p.  77. 

'  BiiUdiug  nuiteriala  of  the  DUtrlot  of  C«it*ck.  Jour.  A*.  Soc.  Bengal.  V.i|,  XI,  p.  836. 
Mem..  G.  S.  I.,  pp.  250  ami  277.    Records,  G.  S.  I..  Vol.  V.  p.  69. 

»  Foote.  R.  B..  ontlie  Geologj  of  Miidms.    Mem..  O.  S.  I..  Vol.  X,  p.  13:;. 
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In  reEerenceto  the  Jurassic  rocks  of  Cutcli,  Mr.  Wynne  says  :  "  The 
finer-grained  slightly  calcareous  yellow  sandstones  of  the  lower  Jurassic 
group  form  toleraMc  building  stone  ;  and  some  of  the  close,  hard,  silicioiw 
gnt  bands,  though  difficult  to  trim  or  dress  fine,  would  afford  a  very 
lasting  material  for  rough  work."  Several  other  sandstones  are  locally 
used.  Mr.  Wynne  gives  a  list  of  the  different  building  stones  used  in 
Bhuj,  as  furnished  to  liiin  by  His  Highness  the  Kao  of  Cutch." 

Cretaceous  Sandstones, — The  Bagh  beds,  which  belong  to  the 
cretaceous  period,  contain  some  good  sandstones  suited  to  building  pur- 
poses. Mr.  Blanford,  in  his  report  on  Western  India,  eays  :  "  The  massive 
sandstone  of  the  Deva,  and  those  which  occur  throughout  the  country  to 
the  south  of  Allirajpurand  Bagh,  would  furnish  excellent  material.  The 
gritty  calcareous  bed  at  the  top,  where  it  is  not  too  cherty,  would  be  well 
adapted  for  construction  and  could  be  easily  worked.^ 

Tertiary  Sandstones. — The  rocks  of  the  Siwalik  and  Nahan  groaps 
which  represent  the  upper  and  middle  tertiary  period  of  Eurojie,  are  gener- 
ally too  unconsolidated  to  form  durable  building  stones.  These  rocks,  as 
is  well  known,  form  the  outer  ranges  of  the  Himalayas  at  various  places 
from  west  to  east ;  but  among  the  eocene  beds  better  materials  are  foand. 
Mr.  Medlicott  remarks :  "  Those  stations,  as  Dagshai,  Rasaoli,  Suba- 
thu,  Dhurmsala,  which  are  built  on  the  eocene  groups  of  the  sub- 
Himalayan  series,  have  an  unfailing  supply  of  good  building  material 
in  the  massive  sandstone  rocks.  Among  the  older  i-ocks  there  is  no  stone 
fit  for  anything  but  that  for  which  rough  rubble  may  be  used.  There 
are  several  examples  of  native  architecture  along  the  border  of  the  plains, 
for  which  an  excellent  building  stone  was  obtained  from  rocks  of  the 
Sivalik  group,  but  it  must  have  been  found  in  detached  blocks  and  dis- 
continuous bands,  the  mass  of  the  rock  being  quite  unfit  for  the  purpose. 
Stone  fit  for  ornamental  or  monumental  purposes  might  be  found  among 
the  thick-bedded,  hard  limestones  of  the  Krol  group.*'  * 

Qxiartzites. — The  gradation  from  the  loosest  and  most  granular  sand*- 
stone  to  the  most  intensely  vitrified  quartzite  is  so  complete  that  it  ia 
impossible  to  draw  a  sharp  line  of  demarcation  between  them  ;  they  <are 
therefore  placed  in  close  proximity  in  this  enumeration.  Were  the 
arrangement  a  purely  geological  one,  a  large  portion  of  them  would  bav- 
to  be  classed  with  the  metamorphic  schistose  or  gneissic  rocks. 

If  we  except  those  varieties  of  the  Vindhyan  and  Karuul  sandstones 


»  Wjmw.  A.  B.    OenlAgy  of  Cutcli.   Mem ,  O.  8.  I.,  Vol  IX.  jy  93. 
'  BUnf.ml.  W.  T.    WimUth  Imlm.     Op.  cit..  Vol.  VI,  p.  380. 
«  Op.  eif..  Vol,  111.  p.  175. 
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which  are  sometimes  called  qivartzites,  tlie  use  of  rocks  coming"  under 
this  denomination  has  been  inconsiderable.  In  Bengal  the  only  instance 
known  of  a  quarlzife  being  regularly  quarried  is  in  the  Susuuia  Hill  in 
Manbhum.  The  works  there  were  carried  on  for  some  years  by  the 
Bardwan  Paving  Stone  Company,  and  large  quantities  of  the  stone  havo 
been  used  in  Calcutta  for  pavings,  copings,  and  other  similar  purposes. 
There  are  several  varieties  of  this  material  found ;  in  some  there  is  a 
large  projjortion  of  felspar,  which  should  therefore  be  called  granulit 
rather  than  quartzite. 

Although  these  rocks  have  been  so  little  used,  the  Bijawar  or  sub- 
metaraorphic  series,  in  many  parts  of  the  country,  afford  quaiizites 
suitable  for  building  purposes ;  wherever  these  occur  in  the  vicinity  of 
Vindbyan  sandstones,  the  latter  will  naturally  be  preferred,  as  they  are  in 
most  instances  much  more  easily  worked.  The  vitreous  fracture  of  many 
quartzites  is  in  fact  a  bar  to  their  employment  where  mu(h  finish  is 
required.  Mr.  Foote*  gives  a,  so  far  as  is  known,  unique  instance  of 
the  eraployment  of  this  material  in  the  manufacture  of  a  highly  finished 
monolith  at  Bilzi,  12  miles  north-east  of  Kaladgi.  The  pillar  is  about 
«55  feet  high.  It  is  cut  alternately  iu  squares  and  octagons^  the  sides  of 
the  former  at  the  base  measuring  1  foot  6  inches. 

Laterite. — The  term  laterite  haa  been  applied  generically  to  a  group 
of  tertiary  rocks  which  occupy  an  important  position  in  the  suixirficial 
geology  of  India.  The  common  character  which  pereists  throughout  all  the 
varieties  of  laterite  is  the  possession  of  a  ferrugiuoua  element,  which  is 
in  the  form  of  browu  hydrated  peroxide  on  the  surface,  sometimes  as  the 
Hack  magnetic  ore  inside.  The  reddish-brown  appearance,  due  to  the 
presence  of  the  peroxide,  explains  the  origin  of  the  name  {lai&rifit,  a 
brick),  which  was  first  conferred  upon  it  by  Dr.  Buchanan.* 

The  various  forms  in  which  laterite  occurs  are  due  to  differences  of 
composition  and  differences  of  structure.  The  combinations  of  these 
two  qualities  produce  almost  infinite  varieties.  The  principal  structural 
varieties  are  either  nodular  or  cellular,  the  former  being  genemlly  the 
younger,  and  it  is  supposed,  in  a  measure,  derived  from  the  latter.  The 
varieties  in  composition  vary  much  in  the  quantity  of  the  peroxide  of 
iron  which  they  contain,  and  in  the  character  of  the  other  materials.  Both 
classes  pass  off  into  mere  detrital  laterite,  to  the  ferruginous  element  in 
which  they  have  no  doubt  mainly  contributed. 

The  distribution  of  laterite  is  widespread  throughout  the  Peninsula, 


'  Mem.,  G  S.  I.,  Vol.  XII.  p.  761. 

'  Juuniev  through  M^oorc,  Vol.  II,  p.  441. 
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India;  Ceylon^  and  in  Burma.  It  occurs  not  only  as  a  coastal  deposit 
underneath  the  Eastern  and  Western  Ghdts,  but  also  in  many  parts  o£ 
the  interior,  not  unfrequently  capping  lofty  hills  and  plateaus  with  a 
thickness  of  several  htindred  feet,  often  producing  the  dead-level  surfaces 
which  constitute  a  striking-  feature  in  Indian  scenery.  Although  perhaps 
it  shows  its  finest  development  on  or  in  the  vicinity  of  trappean  rocks, 
it  occurs  resting  on  rooks  of  all  penods,  occasionally  far  removed  £rom 
any  exposure  of  trap. 

As  a  buildiug  stone,  though  it  can  hai-dly  be  called  ornamental,  it 
possesses  some  qualities  which  render  it  acceptable  in  the  eyes  of  the 
natives ;  it  is  easily  worked,  hardens  on  exposure,  and  some  varieties  of  it 
wear  well.  In  the  Qpastal  districts  many  temples,  some  of  considerable 
antiquity,  are  built  of  laterite  and  appear  to  have  stood  well.  In  the 
Rajmahal  hills  there  is  a  small  fort  built  of  neatly-cut  blocks  of  laterito 
without  mortar.  These  blocks  have  retained  their  original  sharp  edges. 
In  Midnapur  and  Orissa  slabs  of  from  4  to  5  feet  long  are  extracted  by 
cutting  a  groove  round  the  slab  above  and  another  underneath,  a  few 
wedges  are  then  driven  into  the  latter,  and  the  slab  splits  off.  This  or 
a  nearly  similar  process  is  used  for  the  extraction  of  blocks  of  laterite  in 
all  parts  of  the  country  where  it  is  worked  by  natives. '  Laterite  has 
been  largely  used  in  the  works  in  connection  with  the  irrigation  o|>era- 
tions  in  Orissa.  The  anient  on  the  Kossai  at  Midnapur  has  been  alto- 
gether built  of  this  material.  The  stone  for  these  purposes  is  reported 
to  have  given  the  engineers  much  satisfaction. 

Mr.  King,**  in  his  Geology  of  Trichinopoli,  says :  "  Where  of  poor 
quality,  the  laterite  soon  crumbles  away  when  exposed  to  the  influences  of 
weather  and  moisture,  as  may  be  seen  in  the  basement  of  many  of  the 
houses  in  the  fort  of  Tanjore.  The  laterite  has  there  weathered  awa> 
leaving  the  walls  perfectly  honeycombed,  and  the  layers  of  mortar^  which 
are  more  durable,  standing  out  as  a  regular  net-work."  In  a  note 
Mr.  Foote  adds :  "  The  laterite  in  this  case  was  in  all  probability  badly 
selected,  for  in  all  my  subsequent  observations  of  this  stone  as  a  build- 
ing material,  it  would  appear  that  continued  exposure  to  atmospheric 
influences,  or  wet,  as  in  the  case  of  tanks  or  bowries,  only  tends  to  im- 
j)rove  the  stone.  Most  of  the  religious  edifices  and  tanks  constructed  of 
this  stone  show  the  lines  and  angles  of  the  carvings  as  sharply  as  though 
fresh  from  the  buildei'^s  hands." 

Mr.   H.   Blandford  '  also  remarks  :  **  At  Audanapct  I  noticed  some 

'  Mem.,  O.  S.  I.,  Vol.  I,  I..  277. 
5  Op.  eit.,  Vol.  IV,  p.  372. 
'  Oji.  cit.,  ]».  20f>. 
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carved  blocks  forming  part  of  an  old  ruined  pagoda,  the  mouldings  of 
which  were  as  perfect  as  when  first  cut.  Owing  to  its  porous  structure, 
however,  laterite  is  but  little  fitted  for  fine  sculpture." 

The  VellouranicutatChctia-tojw,  near  Bhowagiri,  in  the  Trichiuopoli 
district,  is  partly  built  of  laterite.  Dr.  Balfour  gives  the  Arcade  Inquisi- 
tion at  Goa,  St.  Mary's  Church,  Madras,  and  the  old  fortress  at 
Malacca,  as  examples  of  its  use  in  the  construction  of  buildings  by 
Europeans.^ 

Slate. — True  8lat«,  aa  the  term  is  usually  accypt«l,  is  a  homogeneoua 
rock,  which,  owing  to  the  presence  of  the  superinduced  structure,  termed 
cleavage,  is  almost  indefinitely  fissile.  By  far  the  majority  of  the  so- 
called  slates  of  India  do  not  possess  this  property  ;  they  are  fissile,  but 
the  planes  correspond  to  those  of  lamination,  •*.  e.  of  original  deposition, 
and  the  splitting  cannot  be  carried  to  such  an  extent  as  to  produce  very 
thin,  or  in  most  cases  even  tolerably  thin  slates.  The  consequence  is 
that  for  sloping  roofs  they  are  not  generally  well  adapted,  being  heavy 
and  requiring  proportionately  strong  timbering.  Even  where  locally  an 
exceptional  degree  of  fineness  of  texture  and  capability  of  sub-division  is 
present,  this  cannot  be  counted  on  to  extend  through  a  large  muss  in  the 
same  way  that  the  effects  of  cleavage  are  discernible  through  a  great 
thickness  and  wide  extent  of  rock. 

Thick  laminated  slates,  which  are  not  suitable  for  sloping  roofs,  may 
of  course  be  employed  for  flat  roofs  and  for  paving  instead  of  tiles.  In 
this  way,  owing  to  their  strength,  they  may  be  used  of  much  larger  size 
than  would  be  safe  to  give  to  tiles,  and  stretching  from  beam  to  beam 
they  may  actually  cause  a  great  economy  in  timbering,  and  the  concrete 
which  is  laid  upon  tiles  might,  where  slat«  was  used,  he  very  considenibly 
diminished.  Another  advantage  of  the  use  of  large  flag-like  slates  would 
be  that  as  the  number  of  joints  are  diminished  the  chances  of  leakage 
are  likewise  lessened  and  so  also  the  consequent  cost  for  repairs. 

Madras  :  Mysore  State. — A  slate  suitable  for  drawing  purposes  is 
found  in  the  neighbom-hood  of  Chitaldrug,  and  a  chlorite  slate  is  also 
said  to  occur  in  Mysore,  bat  whether  iti  is  applied  to  roofing  purposes  is 
not  stated.' 

Kadapah  and  Kamul  Districts. — In  these  districts  slates  occur, 
to  which  a  good  deal  of  attention  was  directed  about  twenty  years  ago. 
The  splitting  with  the  planes  of  lamination  only  produces  tolerably  thin 
elates,  which  are  not  suitable  for  roofing,  but  would  answer  for  flagging 


'  Balfoar,  Cycloiwdia,  Art, — Laterite. 

•  Mysore  AdminUtimtion  Hoport  (1868-60),  Stat  iBticK.  p.  4. 


658  GEOLOGY  OP  INDIA— BUILDING  STONES.  [Chap.  XT. 

and  similar  purposes ;  but  in  order  to  obtain  neat  slabs  much  improvement 
in  the  quarries  and  methods  of  splitting:  would  be  required.^ 

Bengal:  Kharakpur  Hills.— In  the  transition  rocks  of  the  Kha»ak- 
pur  hills  there  is  a  band  of  slates,  from  6  to  12  feet  thick,  which  is  trace- 
able for  many  miles  on  the  northern  margin  of  the  hills  between 
Rishi-ku&d  on  the  east  and  the  Oouria  and  Amrasanni  kols  on  the  west. 
Being  for  the  most  part  vertical,  it  can  only  be  worked  by  steps  on  the  sides 
of  the  hills,  or  by  actual  mines.  A  cheap  system  of  open  quarr3ring  seems 
to  be  wholly  inapplicable  to  the  circumstances  of  the  depodt.  For  many 
centuries  this  slate  has  been  worked  by  the  natives  more  after  the 
fashion  ordinarily  practised  with  reference  to  veins  of  metallic  ore  than 
to  deposits  of  slate;  the  petty  mines  and  quarries  serve  to  produce 
an  amount  of  slate  which  is  equal  to  the  demand,  but  the  cost  is  certainly 
high. 

The  slate  is  a  partially  altered  earthy  rock,  which  is  readily  fissile 
with  the  plains  of  lamination ;  with  pains  and  care  it  can  be  reduced  to 
a  thickness  of  one-eighth  of  an  inch ;  but  its  surface  is  scaly  and  rough, 
and  it  would  require  much  grinding  and  polishing  to  make  it  suitable  for 
drawing  upon ;  ordinarily  at  the  quarries  the  slates  are  from  J  to  ^  an 
inch  thick.  For  flagging  it  would  probably  answer  fairly  well,  but  its 
chief  employment  is  for  rooRng  instead  of  tiles,  and  a  large  quantity  is 
so  used  at  Monghyr  and  the  neighbouring  towns ;  curry  platters,  &c.,  are 
also  made  from  this  stone  to  some  extent. 

The  following  are  the  rates  paid  to  the  bildars  or  quarrymen  by  the 
present  contractors  :— 

Slates 12^  X    4*  6  annas'per  100. 

12«'x    6^       8     „ 

„ 12*xl2»  12     „ 

18"X    9*  14     „ 

18*  X  18*  18     „ 

Bound  platters  in  diameter  1'  X     3*  10  annas  for  six. 
A  gbatage  of  2  aunas  per  100  is  charged  by  the  zemindar. 

Much  improvement  might  be  made  in  the  rude  and  wasteful  system 
of  mining,  but  whether  it  would  pay  to  do  so  must  depend  upon  the 
demand,  which  as  yet  has  shown  no  tendency  to  expand,  as  tiles  are  very 
much  cheaper. 

Ohutia  Nagpur,  Manbhum  and  Singhbhum.— In  these  dis- 
tricts flaggy  laminated  slates  occur  in  many  places  in  the  sub-metamor- 

>  Mem.,  G.  S.  I.,  Vol.  VllI,  p.  283. 
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phic  roclc'B ;  but  as  yet  tbey  have  not  boen  worked  as  there  is  no  local 
demand.  With  a  little  polishing,  slates  suitable  for  drawing  upon  can  be 
made  from  the  rough  material  obtainable  near  Chaibassa  and  some  of 
the  varieties  are  fine  grained  and  equal  to,  if  not  better  than,  the  Kha- 
rakpur  slates.  In  some  cases  a  regular  cleavage  structure  *vas  fonnd,  but 
it  was  not  apparently  accompanied  by  obliteration  of  the  lamination,  and 
the  slates  therefore  break  up  into  slips  with  a  rhomboidal  section,' 

Central  Provinces. — Slates  with  imperfect  cleavage  occur  both  iu 
the  Cbanda  and  Chindwara  districts,  but  as  yet  they  do  not  apjiear  tt> 
have  come  into  use.'' 

Berar. — In  the  pargana  of  Patan  BJri  iu  the  Wun  taluk,  slate  is 
said  to  occur,  but  the  extent  of  its  applicability  to  useful  purposes  is  not 
known.  ^ 

Rajputana:  Alwar  State. — According  to  the  Alwar  Gazetteer* 
slates  are  fouud  at  Bilaspur  in  Raragarh ;  but  at  Mandan  in  the  north-west 
comer  of  the  Stat«,  the  chief  source  of  supply  is  situate.  There  are,  how- 
ever,  but  few  families  of  workmen,  as  the  slates  are  only  in  demand  for 
European  buildings,  such  as  railway  works,  churches,  and  schools.  These 
sLites  doubtless  belong  to  the  Arvali  series  of  transition  rocks. 

Bombay.^There  are  several  early  papers  in  which  there  are  descrip- 
tions of  varieties  of  slates  found  in  the  South  Mahratta  country,  and  in 
the  most  recent  account  of  this  region  by  Mr.  Foote,*  in  which  many 
varieties  of  building  8U)nes  are  alluded  to,  mention  is  made  of  slates  be- 
longing to  the  Kuladgi  series,  as  having  been  worked  formerly  for  roofing 
public  buildings  at  Belgaum. 

In  the  Champauir  rocks  between  Surajpur  and  Jambughora,  north- 
east of  Baioda,  there  are  some  slates  which,  as  far  as  can  be  judged  from 
their  appearance  at  the  surface,  were  considered  promising  by  Mr.  W.  T. 
Blanford." 

In  the  Bijawar  series  near  Bagh  there  tire  also  some  slates  which  are 
not  80  fine  grained  as  the  preceding,  but  some  of  which  might  perhaps 
answer  for  roofing  purposes. 

Afjghanistan. — Dr.  Lord,  in  his  account  of  the  Geology  of  Afghan- 
istan, mentions  the  existence  of  an  enormous  band  of  black  roofing  shite 


»  Mem.,  O.  S.  L.  Vol.  XVI 11,  p.  liiO. 

'  Adininwtmtion  Report,  Ccutral  Provinces,  1866-67.  p.  80. 

*  Borar  G&^tteer,  p.  27. 

*  Vnge  86. 

*  Mtm..  G.  S.  I.,  Vol.  XII.  p.  262. 

*  Op.  eit,  Vol.  VI.  p.  217. 
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which  he  says  extends  from  Attoek  to  the  longitude  of  Bamian^  100  miles 
west  of  Kabul.  * 

Fui]jab :  Simla  and  Gurdaspur  Districts.^-Accordiug  to  Mr. 
Medlicott^  the  variety  of  slate  obtained  along  the  flanks  of  the  Dhaoladhar 
and  used  at  Dalhousie  and  Dharmsala  has  proved  of  first-rate  quality  for 
roofing  purposes.  It  is  readily  fissile,  dresses  well,  and  can  be  obtained 
of  considerable  size.  It  is  a  highly  silicious  rock  of  pale-gray  colour, 
and  is  not  so  fine  as  ordinary  slate ;  it  is  therefore  inapplicable  to  some 
of  the  purposes  to  which  the  latter  is  put.  A  sample  of  Dalhousie  slate, 
exhibited  at  the  Lahore  exhibition,  was  12  feet  long  and  4  or  5  feet 
wide.' 

The  slate,  which  is  extensively  used  at  Simla,  is  in  every  way  inferior 
to  that  from  the  Dhaoladhar.  In  Jaunsar^  and  other  parts  of  the  hills 
there  are  also  slate  quarries.  Slates  are  also  obtainable  in  Attoek,  Ab« 
bottabad  and  Spiti. 

GuTgaon  District. — In  a  special  paper  on  the  slate  quarries  of  this 
district,  Mr.  Crawford  Campbell^  has  described  the  principal  localities  as 
they  appeared  in  the  year  1867.  They  are  situated  at  Pali,  Maneti,  Re- 
wari,  and  Papri  near  Petungura.  The  quarries  at  Maneti  were  con- 
sidered to  contain  the  best  roofing  slate.  How  far  Mr.  Campbell's 
suggestions  have  been  acted  upon,  or  how  far  the  slate  has  proved  equal 
to  the  high  quality  he  ascribes  to  it,  is  not  known. 

North- West  Provinces:  Kmnaun:  Chiteli. — At  this  locality 
there  is  a  quarry  from  whence  some  slate  was  raised  with  which  it  was 
proposed  to  roof  buildings  at  Ranikhet  and  elsewhere.  It  is  a  distinctly 
laminated  slate,  and  is  coarser,  heavier  and  more  silicious  than  Welsh  slate. 
Slabs  of  a  foot  square  and  quarter  inch  thick  are  obtainable  easily  and  in 
abundance.®  But  the  quarries  were  not  being  worked  in  1877,  so  that 
the  demand  must  be  small 

Mr.  Atkinson'  states  that  there  are  slates  to  be  had  at  Dhari  in-  the 
Bel  Patti  of  Gangoli,  in  Borarao  Patti,  Suit  Patti,  and  in  Naini  Tal.  In 
Ijohba  in  Garhwal  a  thin  dark-blue  slate  is  procurable,  but  it  is  appar- 
ently inferior  to  that  at  the  Chiteli  quarry. 


'  Indian  Review,  Vol.  Ill,  p   315. 

2  Mem.,  G.  S.  I.,  Vol.  Ill,  Pt.  II,  p.  176. 

'  Punjab  Products,  p.  56. 

*  Blane,  Captain.    Trans.  Roy.  As.  See,  Vol.  1,  p.  61. 

*  Professional  Papers  on  Indian  Engineering,  Vol.  IV,  p.  257. 
«  Hughes,  T.  W.  H.    Recotds,  G.  S.  I.,  Vol.  Ill,  p.  43. 

'  Economic  Mineralogy  of  the  Hill  Districts,  Pamph.,  Allahabad,  1877,  p.  36. 
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Daijiling  District. — It  has  been  supposed  that  a  good  roofing  slate 
could  be  obtained  in  this  district,  but  the  best  pieces  seen  by  Mr.  Mallet* 
were  not  more  than  a  few  inches  in  length  and  quarter  inch  thick,  be- 
sides which  the  material  is  too  brittle  to  trim  well  on  the  edges.  Flag- 
stones for  flooring  purposes  could  probably  be  obtained  in  some  locali- 
ties. 

»  Mem.,  G.  S.  I.,  Vol.  XI,  p.  90. 
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CHAPTER  XVI. 

MISCELLANEOUS. 

LiTBOOBAPniP  Stones — General  Reiuaiks — Miidms — Bellary—  Koninl — Beii(jral — Beliar — 
Rewali — Cfiitral  Provinccss — Raipur^lljijputuna — Jt'Balmlr — Bomliay — Kuludfp — Pua- 
j ab.  M I LLSTON B8 — Oe naral  R  emark  0 —  Ben  gal — Behar —  Bombay — Kalmlgbi — Cu  toll. 
G»i*rDSTONBS — General  Remarks.  Pottekt  Clays  and  Kaolin— General  Romarlu — 
Hadnu — Tricbhiopoli — Soutb  Arcot — Nortk  Arcot — Cbinglcput— Mysore — MangHlore 
— Orissa— Beiigal — Colgong — Banlwau — Kajmalml  Hilla — Farmkhabaii —  Bombay — 
Sind — Pqujub — Darjilmg— 'Assam — Burma.  Fibb  Clay — General  Remarks— Bengal 
— Raniganj — Burma,  Bhick  Clays — General  Keioarks.  Ffllek's  Earth — General 
Remarks — Bengal — Bliagalpur — Rajpntana — Ajmir — Bikanir— Bombay — Sind  —  Pon- 
jat,_Dera  Oluui  Khan— Multan — Salt  Range.     SotLS.— Oeneral  Remarks. 

Lithographic  Ston©s :  General  Remarks. — Limestonps  suitable 
for  lithograpliic  purposes  are  not  of  wide  distribution  ;  tbe  combination  of 
qualities  requisite  are  not  often  found  united.  The  best  stones  are  com- 
pact find  uuifonn  in  texture,  and  are  free  from  veins,  flaws,  and  spot^ ;  they 
are  generally  of  light  colours,  for  although  stones  of  dark  colour  can 
be  used  for  certain  puTiwses,  for  others  it  is  necessary  that  the  lithogra- 
pher should  have  a  light  ground  to  work  upon. 

At  present  the  principal  supply  of  the  world  is  obtained  in  quarries 
in  the  oolitic  rocks  of  Solenhofen  near  Munichj  and  in  Pappenbeiin  on 
the  Danube.* 

The  introduction  of  lithography  into  India  is  claimed  by  Mr.  T.  N. 
Rind^  to  have  been  accomplished 'by  hi ra  in  1S22,  He  was  afterwards 
put  iu  charge  of  the  Goverument  Lithographic  Press.  Its  applicability 
to  the  reproduction  of  native  writing,  where  types  were  not  available,  led 
to  its  extension  and  wide  adoption  all  over  the  country,  and  the  number  of 
presses,  the  majority  of  which  are  worked  solely  by  the  natives,  must 
be  very  considerable  at  tlie  present  moment.  The  great  cost  of  stones 
impoi't<id  from  Europe  early  led  to  trials  being  made  of  stones  of  indi- 
genous origin,  which  it  was  hoped  would  supplant  the  European  stones ; 
and  it  seems  probable  that  the  idea  which  was  at  one  time  held  by 
Indian  geologists  that  the  Viudhyan  rocks  were  of  liassic  age  served 
to  encourage  the  hope  that  a  suitable  mateiial  would  be  found.     As  a 

'  Economic  Geology  by  D.  Page,  p.  222. 
'  Glvaning«  in  Science,  Vol.  I,  ji.  206. 


Sbonomic  Geology.  1 


DEN'OAL-=BEHAB. 


667 


matter  of  fact,  most  of  the  limestones  which  were  tried  belonged  to  some 
one  or  other  of  the  more  or  less  altered  aeries  of  transition  rocks.  They 
proved  to  be,  even  when  consisting  of  nearly  pore  carbonate  of  lime,  hanl 
and  splinttjrj'-,  and  some  of  them  contained  free  silica.  They  are  difficult 
to  dress  and  polisli,  and  though  some  of  them  were  shown  to  suit  well  for 
8imt>le  transfers  of  writing,  &c.|  the  fact  that  they  are  nut  used,  at  least 
to  any  appreciable  extent,  while  high  prices  continue  to  be  paid  for 
European  stones,  is  the  strongest  argument  against  their  being  of  any 
substantial  value.  The  Jurassic  and  younger  rocks  of  Jesalmir,  Cuti'h, 
and  the  Punjab  may  include  a  suitable  material,  but  there  is  not  much 
prospect  of  one  being  found  ekewhere. 

Madras. — Limestones  suitable  for  lithographic  purposes  are  said  to 
have  been  obtained  in  several  of  the  districts  of  the  Madras  Presidency, 
namely,  in  Bellary,  Karnul,  Guntur,  and  Masulipatam. ' 

Bellary. — In  the  year  1827  a  sample  of  stone  from  Bellary  was 
reported  upon  by  Colonel  Garrard  as  being  fully  as  suitable  as,  if  not 
even  superior  to,  those  which  had  hitherto  been  exclusively  obtained  from 
Germany.  In  the  only  other  notice  of  this  rock  it  is  stated,  however, 
that  the  presence  of  quartz  crystals  renders  it  unsuitable  for  lithogra- 
phic purposes. 

Kamul  District. — Stone  obtained  in  the  valley  of  the  Tungabhadra 
was  also  reported  on  by  Colonel  Gairard,  who  stated  that  it  was  harder 
than  the  (jornian  stone,  and  that  if  suit4ible  ink  were  used,  impressions 
nearly  equal  to  copper- plates  could  be  obtained  j  subsequently  stones  for 
numerous  publications  were  used  by  Colonel  G.  R.  Jervis  of  the  Bombay 
army,  and  were  said  to  answer  admirably. 

The  stones  from  Dachepalle  in  Guntur  and  Jagiapetta  in  Masuli* 
patam  were  also  favourably  reported  on ;  and  Dr.  Balfour"  mentions  a 
limegtone  from  a  hill  near  Dyda  in  the  Palnad,  as  being  suitable  for 
lithographic  purposes. 

In  all  these  localities  the  limestones  belong  to  the  more  or  less  meta- 
morphosed Kadapah  or  Karnul  series,  and  they  are  therefore  harder, 
more  splintery,  and  less  tractable  than  the  European  stone.  Doubtless 
they  might  answer  for  some  purposes,  but  they  would  be  difficult  to 
trim  ;  it  might  even  be  necessary  to  saw  them  into  shape. 

Bengal :  Behar :  Rotasgarit. — The  limestones  of  the  Lower  Vin- 
dhyan  series  attracted  attention  at  an  early  period^  as  possibly  affording 
a  suitable  material  for  lithography,  but  they  are  not  sufficiently  pure 

^  ScloctioM  from  Roconls,  Madras  GoTemment.  No.  11,  p.  3S. 

•  Op.  eit.,  VoU  XXIX.  p.  80. 

*  Qleanings  in  3cicnco,  Vol,  1,  p.  &5. 
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and  homogeneous  to  be  depended  on^  and  are  moreover  of  dark  colour, 
and  are  also  too  tbin.^ 

Bewah. — Some  very  small  samples,  of  apparently  the  same  age  as 
the  above,  were  forwarded  in  1843  by  Captain  Shortrede  from  Boorwa, 
2  miles  south-east  from  Baipur,  which  is  IZ  miles  from  Rewab  on  the 
road  to  Mirzapur.  They  were  favourably  reported  on  by  Mr.  Black  of 
the  Asiatic  Lithographic  Press,  who,  however,  asked  for  larger  samples, 
which  it  does  not  appear  that  he  ever  received.'  Further  research  in 
this  region  was  made  by  Captain  Stewart  in  the  year  1 844,  and  samples 
were  tried  in  the  lithographic  press  at  Allahabad,  but  the  results  appear 
to  have  been  unfavourable.* 

Central  Provinces:  Raipur  District.— Stones  of  a  serviceable 
kind  have  been  found  in  Baipur,  and  in  1866  they  were  being  used  at  the 
Baipur  Jail  Press  .^  These  stones  were  doubtless  also  of  Lower  Vindhyan 
age. 

Rajputana:  Jesalmir  State. — Of  all  the  suggested  substitutes  of 
indigenous  stone  for  that  imported,  a  yellow  limestone  obtained  in  the 
Jesalmir  State  appears  to  have  been  of  greatest  promise.  It  is  now  over 
fifty  years  since  attention  was  first  directed  to  it  by  Captain  Boileau,* 
who  was  one  of  the  first  of  the  long  list  of  military  men  who  have 
interested  themselves  in  the  mineral  resources  of  the  country,  and  who 
have  contributed  so  many  important  papers  to  the  literature  of  the 
subject. 

A  very  full  account  of  this  stone  is  given  in  the  Gleanings  in  Science,* 
and  a  very  fair  sample  of  printing  from  it  is  reproduced.  It  is  stated 
that  it  was  not  suited  for  fine  chalk  drawings,  but  could  be  used  for  all 
other  purposes  with  the  ordinary  materials.  The  chief  point  dwelt 
upon,  is  the  method  of  polishing  which  it  was  found  necessary  to  adopt. 
This  was  a  more  elaborate  process  than  the  one  necessary  in  the  case  of 
European  stones ;  it  appears  to  have  been  caused  by  the  difference  in 
composition, while  the  latter  are  argillaceous  limestones;  the  Jesalmir 
stone  had,  according  to  Mr.  Prinsep,  the  following  composition  :— 

Calcium  carbonate 97*5 

Yellow-earth  resembling  bole       ....  2"5 

1000 

»  MaUet,  P.  R.    Mem.,  G.  S.  I.,  Vol.  VII,  p.  113. 
3  Jour.  As.  Soc  Bengal,  Vol.  XII,  pp.  1027  and  1121. 
3  Oj»,«Y.,  VoLXIII,  p.  60. 

*  Adminbtration  Report,  Central  Provinces,  1866-67,  p.  80. 

*  Oleanings  in  Science,  Vol.  I,  p.  55 ;  and  Indian  Review,  Vol.  Ill,  p.  4. 

*  Idem,  p,  107. 
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Moreover  l>eing  in  a  semi-crystalUne  condition  it  was  bard  and  brittle, 

and  hence  arose  the  difficulty  in  producing  a  uoiform  polished  surface; 
the  oixlinary  sleek  atone  and  pamico  were  not  capable  of  effecting  this, 
and  accordiugly  mbbers  of  lac  and  corundum,  coarse,  medium  and  fine, 
had  to  be  employed ;  the  actual  polish  wiis  given  with  calcined  peroxide 
of  tin. 

Bombay :  Kaladgi  District. — In  the  limestones  of  the  Kaladgi 
and  Bhima  series,  which  are  the  local  representatives  of  the  Kadapah  and 
Karnul  rock  beds  at  Bagalkot  and  Talikot,  certain  beds  supposed  to  be 
suitable  for  lithographic  purposes,  attracted  the  notice  of  Captains 
Newbold  and  Aytoun,  and  other  early  observers.  Tliey  were  tried  both  at 
Madras  and  Bombay,  and  the  results  were  not  satisfactory.  According 
to  Mr.  Foote,  no  demand  has  arisen  for  them.* 

Punjab, — According  to  Mr.  Baden-Powell,  indigenous  lithographic 
stones  are  in  use  in  the  Punjab,  but  they  ara  somewhat  soft,  and  where 
great  sharpness  of  delineation  is  required  European  stones  are  preferred. 
The  latter  are  sold  at  high  prices  by  weight,  so  that  the  discovery  of  a 
really  good  stone  would  be  of  great  value. 

It  would  seem,  judging  from  the  geology,  that  in  the  Salt-range 
and  in  Cutch,  there  are  better  chances  of  finding  a  limestone  suitable 
for  the  pnrpose  than  anywhere  else  in  India. 

In  one  of  the  early  accounts  a  lithographic  stone  from  Thibet  is 
mentioned,  while  it  is  by  no  means  improbable  that  a  suitable  material 
might  be  foand  there ;  the  example  referred  to  was  merely  a  piece  of 
slate  or  schist  with  letters  cut  in  relief,  and  which  was  supposed  to  have 
been  used  as  a  printing  block ;  not  improbably  it  was  merely  one  of  those 
pieces  of  stone  with  the  m^'stic  Buddhistical '  Om '  inscription,  which 
are  familiar  to  all  travellers  in  the  Himal.iyas. 

Millatones :  General  Remarks. — The  usual  conception  of  a  mill- 
stone is  that  it  should  be  a  hard,  tough,  coarse,  silicious  sandstone  or  grit, 
and  these  characters  have  become  perpetuated  in  the  term  millstone  grit, 
which  has  been  conferred  upon  a  group  of  rocks  underlying  the  coal- 
measures.  In  the  absence  of  sandstones  or  grits  many  other  rocks,  such  as 
quartzites,  gneiss,  granite,  and  trachyte,  are  used,  and  this  is  particularly 
the  case  in  India  owing  to  the  cost  of  carriage  of  the  best  stones  to 
distant  points.  As  a  general  rule  within  the  rocky  tracts  of  India  the 
natives,  if  they  happen  to  belong  to  those  sections  of  the  population  who 
use  ground  meal,  have  shown  considerable  intelligence  in  selecting  the 


'  Mim..  O.  S  I..  Vol.  XII,  p-  265. 
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material  best  suited  for  the  purpose^  aod  rude  quarries,  which  havQ.  been 
worked  from  time  immemorial,  are  generally  to  be  found  in  such  regions. 

Where  hard  and  tough  rocks  are  not  to  be  found,  softer  ones  are  used, 
with  the  natural  result  that  the  meal  or  flour  when  ground  contains  a 
greater  or  less  amount  of  grit  and  dust. 

Information  regarding  the  actual  sources  where  millstones  are  obtained 
in  the  different  districts  of  India  is  very  incomplete,  but  as  the  subject 
is  one  of  veiy  minor  economic  importance,  this  dx>e8  not  very  much 
matter. 

As  a  rule  factories  at  the  Presidency  towns  import  the  millstones 
they  require  from  Europe,  and  it  will  be  long  before  India  will  produce 
anything  equal  to  the  Burrstones,  which  have  to  a  great  extent  super- 
seded the  ordinary  millstones. 

Excluding  the  inferior  qualities  of  millstones  made  from  gneiss, 
granite,  &c.,  the  oldest  rock  which  is  used  for  this  purpose  is  a  kind  of 
arkose  or  grit,  which  occurs  in  the  older  transition  rocks.  The  Vindhyan 
series  affords  a  variety  of  materials  of  different  degrees  of  density  and 
texture.  Among  the  Gondwana  rocks  the  Barakar  g^ts  are  perhaps  the 
most  largely  employed,  and  in  many  of  the  coal-fields  they  are  quarried 
rudely  at  the  surface  for  this  purpose. 

Bengal:  Sehar:  Kharakpur  hills:  Jutkuttia. — A  quarry  has 
been  worked  for  many  years  at  this  locality  in  a  bed  of  coarse  arkose, 
which  presents  some  resemblance  to  the  true  millstone  grits,  but  the 
origin  of  its  component  minerals  from  crystalline  rocks  is  more  directly 
and  prominently  apparent. 

The  bed  is  of  considerable  thickness,  and  being  in  a  vertical  position 
and  much  jointed  it  can  be  readily  worked.  It  is  believed  that  stones 
cut  here  supply  a  considerable  area  in  Monghyr  and  the  adjoining 
districts,  but  the  trade  is  apparently  not  an  extensive  one. 

Bombay :  Kaladgi  District,— Some  very  thick-bedded  sandstones 
of  the  Kaladgi  series,  which  are  seen  at  Gudur,  Parvate,  and  Guldegudd 
and  elsewhere,  appear  to  be  thoroughly  well  suited  for  the  manufacture  of 
large  millstones,  according  to  Mr.  Foote,^  who  recommends  an  experi- 
mental trial  of  them. 

Outch.— Mr.  Wynne  *  alludes  to  several  rocks  in  Cutch  which  furnish 
tough  millstones.  They  are  silicious  grits,  which, occur  both  in  the 
Jurassic  and  sub-nummulitic  groups,  and  a  very  similar  rock  of  nearly 
black  colour  is  found  in  the  tertiary  beds  at  Karimori  hill ;  they  are  also 
obtained  near  Chundeeya,  west  of  Anjar. 

'  Mem,,  O.  S.  I.,  Vol.  XII,  p.  262. 
'  Op.  cit.,  Vol.  IX,  p.  91, 
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Grindstones:  General  Remarks.— This  term  is  generally  applied 
to  sandstones  of  homog<eneoio  texture,  but  of  which  there  are  different 
degrees  of  coarseness  according  to  the  purpoge  for  which  they  are  re^juired ; 
not  only  are  they  employed  for  setting  and  sharpening  tools,  but  for 
cutting  glass  and  stones,  &c.  Under  the  more  general  tenn  of  grinding 
materials  are  included  such  substances  as  corundum,  &c.,  which  are  gene- 
rally used  for  special  purposes  when  the  highest  degree  of  hardness  is 
required,  but  in  some  parts  of  India  hones  made  of  a  mixture  of  lac  and 
corundum  are  used  for  very  ordinary  purposes,  such  as  sharpening  carpen- 
ters' and  farriers'  tools.  These  hones  are  indeed  in  some  respects  similar 
to  the  patent  knife-sharpeners  which  have  of  late  years  been  introduced 
from  America. 

A  very  complete  list  of  materials  for  grinding,  sharpening,  and 
polishing,  which  occur  in  Southern  India,  was  drawn  up  some  years 
ago  by  Dr.  Balfour,  but  regarding  the  rest,  of  India  there  is  little  in- 
formation available.  As  yd  the  indigenous  sources  of  supply  have  been 
little  dmwn  upon  in  European  factories  and  government  establishments. 

In  villages  sitimted  in  the  rocky  tract*  of  India  the  villagers  have 
generally  some  favourite  rock  in  aitu  of  the  most  suitable  character 
which  the  neighbourhood  affords,  where  they  sharpen  their  tools  and 
weapons.  Not  a  few  travellers,  on  seeing  the  grooved  surfaces  produced 
thereby,  have  been  puzzled  at  first  sight  to  account  for  them. 

Pottery  clays  and  Kaolin  ••  G^ene^al  Remarks.— Information 
regarding  the  pottery  clays  of  India  is  far  from  complete.  The  resources 
of  the  country  in  this  respect  have  been  but  little  availed  of  by  the 
natives,  who,  as  is  well  known,  are  little  acquainted  with  the  higher 
branches  of  the  potter's  art.  There  is  in  fact  practically  no  demand  in 
India,  beyond  the  limits  of  the  larger  towns,  for  any  but  the  very  coarsest 
descriptions  of  earthenware ;  these,  together  with  vessels  of  metal,  stone, 
and  temiwrary  platters  of  leaves,  supply  all  that  is  required  for  the  culi- 
nary arrangements  of  all  but  a  very  small  fraction  of  the  inhabitants  of 
Northern  India.  The  coarse  earthenware  vessel,  which  coats  buta  trifle, 
can  be  broken  after  using,  and  the  vessels  of  metal  and  etoue  can  be 
purified  by  fire.  This  being  so,  there  is  no  great  pros|)ect  of  glazed 
pottery  being  used  extensively  in  India  until  caste  superstitions  and 
ideas  about  defilement  have  been  swept  away.  There  is  probably  no  pai*t 
of  the  world,  not  excluding  remote  oceanic  islands,  where  the  use  of  glazed 
pottery  is  less  known  than  is  the  case  in  many  parts  of  India.  In  parts 
of  Madras  the  large  Native  Christian  population  affoi-ds,  however,  a 
limited  market  for  such  wares ;  and  they  are  also  used  to  some  extent 
by  Mahomedaus. 

L  I 
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The  coaj-se  earthenware  above  alkided  to  is  made  of  clays  which 
contain  so  much  iron  and  lime  that  at  u  moderately  high  temperature 
they  are  fusible.  Sometimes  pottery  is  made  from  a  black  day  contaiii> 
ing"  much  organic  matter,  aiul  such  vessels  are  capable  of  sustaining 
higher  tcmiw^i-atures,  but  are  apt  to  warp  and  crack.  As  a  Bubstitut-o 
for  glaze  on  ordinary  ware^  mixtures  of  fine  clays  which  adhere  after 
heating  are  sometimes  used,  but  they  are  rather  of  the  nature  of  paints 
llian  true  glares,  being  soft,  and  they  are  easily  scratched  with  a  pin.  Of 
this  nature  is  a  composition  used  in  Bengal  on  the  earthen  vessels  used 
by  sugar-boilers.  This  shows  a  capability  on  the  part  of  the  natives 
for  evolving  a  process  which  is  capable  of  providing  them  what  is  just 
barely  sufficient  for  their  actual  requirements  but  no  more. 

Articles  of  glazed  pottery,  which  possess  considerable  merit  from  an 
artistic  point  of  view,  are  produced  in  a  few  widely  separated  localities  iu 
India,  the  principal  of  these  being  Madura  in  Southern  India,  Sind  ia 
Western  India,  and  in  the  Punjab.  The  artistic  merite  of  the  productions 
from  these  several  areas  have  recently  beeu  discussed  by  Dr^  Bird  wood, 
to  whose  work'  the  reader  is  referred  for  details;  but  the  following  is  a 
Tf'Kumi  of  information  as  to  the  principal  varieties  of  fancy  pottery  made 

India.      "  Red  earthenware  of  Travancore  and  Hyderabad,  in  the 


in 


Dcccan,  the  red  glazed  pottery  of  Dinapore,  the  black  and  silvery  pottery 
of  Azimgarh  in  the  North- West  Provinces  and  Surajgurha  in  Bengal 
(Bhogalpur),  the  imitation  buJri  of  Patna  and  Sar.it  in  Guzerat,  the 
painted  pottery  of  Kota  in  Rajputana,  the  gilt  pottery  of  Amroha,  also 
in  Rajputana,  the  glazed  and  unglazed  pressed  pottery  of  Madura,  and 
the  glazed  pottery  of  Sindh  and  the  Punjab.'' 

TrichinopoU  District. — The  cretaceous  rocks  of  Trichinopoli  yield, 
according  to  Mr.  H.  Bbnford^*  several  fine  clays  weU  ada]>ted  for  the 
manufacture  of  pottery.  No  use  of  these  is  made  by  the  natives  whose 
sole  idea  here,  as  in  most  other  parts  of  India,  is  to  manufactui*e  pottery 
out  of  a  coarse  ferruginous  clay.  Felspar  and  kaolin  are  obtainable  iu 
difEerent  parts  of  the  district ;  the  fomier  might  be  obtaiueil  from  tho 
granitic  ridge  north  of  tho  Cauvery  free  from  quartz  and  iu  considerable 
abundance.  A  piixj  clay,  \vhich  when  ground  and  kneaded  works  well, 
forms  a  thick  bed  between  Terany  and  Kauray. 

South  Arcot  District. — **  In  the  South  Arcot  district  a  fine  plastio 
clay  occurs  in  the  Cuddalore  beds  near  the  south  bank  of  the  Guddaluin, 
opposite  to  Punrutti,  and  is  exposed  in  the  road  leading  southward  from 
that  place.   It  contains  small  quantities  of  lime  and  iron,  the  latter  giving 

'  IndwtriiU  Art*  of  Imliii,  p.  136. 
«  Mem.,  0.8.  1.  Vol.  IV,  p.  211. 
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it  a  pinkish  tint,  whicb  becomes  darker  on  burning.     It  is  soft  and  ex- 
tremely tenacious/* 

North  Arcot. — Tbe  granitic  rocks  of  this  district  are  decomposed  to 
a  certain  extent,  and  would  yield  a  certain  but,  in  Mr.  Foote's  "  opinion, 
not  a  very  considerable  flupply  of  kaolin.  The  decomposition  does  not 
descend  to  a  great  depth,  the  kaolin  is  much  stained  by  infiltration  of 
ferruginous  matter  from  lateritic  soils  above,  and  a  supply  of  pure  water 
for  washii)g,  free  from  saline  matter,  would  be  diflieult  to  obtain. 
White  goblets  are  manufactured  in  Arcot  and  enjoy  some  reputation,* 
but  the  source  of  the  clay  is  not  known. 

Ohingleput  Bistrict. — The  beds  of  the  Rajmahal  series  afford  inex- 
haustibltj  supplies  of  very  fine  pottery  clays,  more  especially  at  Sriper- 
matur,  and  in  the  valley  of  the  Attrampakkam  nala.*  From  the 
beds  exposed  at  Coopom  near  Pemmalput,  a  supply  has  been  taken  for 
the  use  of  the  School  of  Arts  in  Madras,  where  some  very  good  pottery 
was  turned  out  nnder  Dr.  Hunter's  direction.  The  natives  make  no  use 
of  these  clays. 

Mysore  State. — ^Forty  years  ago  Captain  Campbell  drew  attention 
to  the  kaolin  earth  of  Mysore,  which  he  state<l  extended  from  Bangalore 
to  Nandydrug.  Wlien  mixed  with  equal  weights  of  pounded  quartz 
Captain  Campbell*  found  it  possible  to  rauke  with  it  crucibles  which 
stood  well,  and  were  but  slightly  affected  by  a  heat  sufficient  to  fuse  cast* 
steel. 

Other  clays  are  apparently  not  abundant,  and  such  ware  as  is  made 
in  Mysore,  though  skilfully  manipulated,  is  brittle  from  not  being  sub* 
jected  to  sufficient  heat.  It  is  considered  tliat  if  these  clays  were 
mixed  with  the  kaolin  and  properly  used,  much  improvement  would 
follow.  Specimens  of  a  white  clay  are  said  to  have  been  favourably 
reported  on  by  ^Ir.  Minton,  but  the  others  were  too  impure  to  be  of  much 
value ;  the  former  has  been  manufactured  into  cornice  bricks  and  mould- 
ings, &c.* 

Mangalore  District,— In  the  year  1841,  Dr.  Christie*  discovered 
in  association  with  the  laterite,  a  few  miles  to  the  north  of  Mangalore,  an 
extensive  deposit  of  what  he  conceived  to  ]>e  a  pure  porcelain  clay  re- 
sembling that  of  Limoges  in  France,  and  from  which  the  Severes  China 

>  Rwnrda,  O.  S.  T.,  Vol.  XII,  p.  207. 

»  CAmpbwll,  C»pt.  J.  Cttl,  Jour.  Nat.  Hist.,  Vol.  11.  p.  280;  Balfour'g  Cyoloy««lta, 
.4  rf.— Pottery. 

■  Foote,  R.  B.     Mem.,  O.  8.  1..  Vol.  X,  p.  132. 
«  Joar.  As.  Soc.  Bengjil,  Vol.  X,  p.  l«3. 

*  Mysore  and  C'oorg  Qazvttver,  Vol.  J  I,  p.  4. 

•  Jour-  Aft.  Soc.  Uctigiil,  Vol.  X,  p.  067. 
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is  made.  There  does  not  appear  to  be  any  more  recent  information  aa  to 
this  deposit. 

Orissa — ^In  the  rooks  of  Rajmahal  aj^,  at  Kakknr  and  Naraj,  on 
the  Malianadi,  beds  of  white  clay  occur,  which  would  very  probably  afford 
a  suitable  material  for  pottery.  These  clays  are  used  by  the  natives  for 
oruamentiug  their  houses  and  dressing  leather. 

At  various  places  under  the  coastal  laterite  beds  of  lithomarge  occur, 
!>*)me  of  which  arc  fairly  white,  but  others  are  stained  by  percolation 
of  ferruonnous  matter  from  above.  Such  a  bed  is  to  be  seen  at  Midna- 
pur  under  Gop  house.* 

Bengal. — In  the  year  1 839  the  Honourable  Court  of  Directors  for- 
warded a  despatch  reg-arding  the  heavy  expense  incurred  in  supplying  arti- 
cles of  common  earthenware  from  Europe,  especially  to  the  Medical  Departs 
ment,  and  directed  that  an  attempt  should  be  made  to  procure  an  efScient 
substitute  iu  India.  The  improvement  of  native  pottery  was  to  be  the 
chief  object  in  view  iu  any  experiments  which  might  be  undertaken. 
The  experiments  were  undertaken  by  Dr.  O'Shaughnessy  at  the  labora^ 
tory  of  the  Aledical  College  in  Calcutta,  and  are  fully  set  forth  in  the 
report  and  correspondence  published  by  him.'*  The  clays  operated  on 
had  been  received  from  Colgoug,  Rhotasgarh,  Maulmain,  Madras,  and 
Singapur,  the  last  being  the  best.  Various  trials  as  to  the  most  suitable 
glazes  were  ti-ied,  the  best  proving  to  be  one  consisting  of  borate  of  lime. 

The  varnish  or  imperfect  glaze,  which  has  been  above  alluded  to  as 
being  used  for  the  sugar-boilers'  pans,  known  as  itolca,  is  thus  described 
by  Mr.  Piddiugton.  There  are  two  kinds  of  earth  used,  one  of  which 
is  called  belutti ;  it  is  a  silieious  and  ochreous  earth,  the  best  being  found 
8  or  9  COS*  from  Kulna.  By  levigation  it  is  prepared  for  use,  the 
process  lasting,  it  is  said,  15  days.  The  other  earth  is  called  ooporomee 
and  is  a  tenacious  loam.  The  best  was  obtained  at  Monad,  1 0  cuss  west 
of  Chinsurah,  and  at  Panchdowki,  8  cost  south-west  of  K^ulna.  Its 
preporation  is  said  to  take  three  months,  and  only  10  seers  are  obtained 
from  one  maund  of  the  earth ;  two  varieties  of  this  ooporomee  are  ya// 
and  majaree.  Successive  layers  of  mixtures  of  gad,  hcluiii^  and  ooporomee 
are  smeared  on  the  sun-dried  common  red  ware,  which  is  then  burnt  and 
glazed  at  one  firing.  This  varnish  is  capable  of  resisting  great  heat  and 
a  very  penetrating  solution  like  that  of  sugar. 

Rajmahal  Hills. — ^In  several  parts  of  the  Rajmahal  hills  there  an 
beds  of  white  silieious  clays  belonging  to  the  Barakar  coal-measaief. 


•  Mem..  0.  8.  L,  Vol  I,  p.  279. 

'  B(^ng»l  Diiiwnsiitorj  and  PhiirmacopoNa,  p.  700. 
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which  are  suitable  for  the  manufacture  of  mniiy  articles  of  hard  pottery, 
and  wliich  with  proper  treatment  would  afford  suitaljle  material  for  fire- 
bricks. This  elay  is  white  with  slightly  pinkish  tint,  and  burns  to  a 
creamy  white;  by  the  addition  of  a  more  tenacious  clay  it  can  be  made 
suitable  for  higher  qualities  of  pottery,^  The  supply  at  Patharghata  on 
the  Gauges,  at  Lohandia  and  several  other  localities,  is  practically  in- 
exhaustible ;  pottery  works  have  from  time  to  time  been  in  operation  at 
Patharghata  for  the  manufacture  of  drainage  pipes,  &c.  In  the  younger 
rocks  of  the  Rajmahal  group  certain  clays,  called  khari  by  the  natives 
and  which  are  used  by  them  as  pigments,  would  also  probably  yield  useful 
materials  for  pottery.  According  to  Buchanan  the  potters  of  Rajmahal 
used  this  kkari  for  giving  a  white  surface  to  pottery  made  of  oixliuary 
clays. 

Oolgong. — Clay  from  this  neighbourhood,  which  was  reported 
favourably  upon  by  Dr.  O'Shaughncssy,  is  of  the  same  age  and  cliaracter 
as  that  at  Patharghata. ;  by  admixture  in  the  proportion  of  4  to  1  with  a 
sort  of  fuller's  earth  called  tabun  mitti,  which  is  also  found  there,  a  clay 
yielding  pottery  which  possessed  strength,  hardness,  density,  and  infusi- 
bility  was  obtained.  Not  only  was  beautiful  biscuit-ware  made  from  it, 
but  also  admirable  fire-bricks,  crucibles,  &c. 

Further  to  the  west  in  the  Ganges  valley,  at  Monghyr,  Chuuar, 
Azimgarh,  &c.,  black  pottery  is  manufactured  from  clays  obtained  fiom  the 
alluvium.  Sometimes  the  clay  itself  is  of  dark  colour,  sometimes  a  wash 
or  varnish  is  applied  to  the  pottery  before  baking,  but  the  principal  source 
of  the  blackness  is  the  smoke  which  arises  from  oil-cake  thrown  into  the 
kiln  when  the  baking  is  completed.  The  ornamental  objects  manufactured 
at  these  localities  are  generally  adorned  with  rude  devices,  which  are 
produced  by  rubbing  an  alloy  of  tin  and  mercury  into  etched  surfaces. 
Some  of  this  pottery  is  intensely  brittle,  and  is  therefore  not  suitable  for 
rough  usage. 

Bardwan  District :  Raniganj. — At  Raniganj  there  is  a  pottery, 
which  is  unique  in  Bengal  at  the  present  moment,  and,  so  far  as  is  knowu 
to  the  contrary,  in  the  whole  of  India,  in  being  the  proiierty  of  a  Euroj)ean 
Company  and  in  being  carried  on  according  to  European  methods.  It 
has  proved  the  means  of  demonstrating  the  applicability  of  many  varieties 
of  clay  obtainable  iu  that  vicinity  to  the  manufacture  of  earthenware  of 
various  qualities,  and  also  of  fire-bricks,  tiles,  drainage  pipes,  &c. 

The  clays  which  are  used  are  chiefly  obtained  from  the  coal-measures 
in  the  neighbourhood^  and  consist  of  more  or  less  decomposed  shales ;  a 


•  Oldliftia,  Dr.  T,      Jour.  A«.  Soc.  B«tigal,  Vol  XXIV,  p.  281. 
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white  Hthomarge  is  obtained  under  lat4:^rite  at  a  point  altout  12  miles 
north-east  of  Bankura.  A  certain  amount  of  kaolin  would  be  obtainable 
from  this  area,  but  to  what  ext'Cnt  it  has  been  co]lecte<l  is  not  known. 

Famikhabad  District :  Fathegaeh — About  the  year  1838  Mr. 
Julius  Jeffreys '  establislied  pottery  works  at  Fatheg:arh,  which,  in  so  far 
as  the  articles  manufactured  was  concerned,  attained  a  very  considerable 
degree  of  success.  From  the  varied  nature  of  the  articles  mannfactured 
it  is  apparent  that  a  considerable  variety  o£  materials  wore  available,  and 
that  the  operations  were  under  skilled  management.  Besides  a  variety 
of  ordinary  stoneware,  fire-bricks,  fire-tiles,  glazed  tiles,  Sec.,  &c,  were 
produced  and  were  most  favourably  reported  on, 

Bombay:  Sind. — The  glazed  pottery  of  Sind  is  made  principally 
at  Hala,  Hyderabad,  Fatta  and  Jerruck,  and  the  encaustic  tiles  at  Bulri 
and  Said  pur,  according  to  Dr.  Bird  wood,  in  whose  volume  the  manufactur- 
ing details  will  be  found.  With  regard  to  one  of  the  raw  prtMlucts,  the 
oxide  of  cobalt,  which  is  used  for  producing  the  rich  bines,  it  may  be  said 
that  its  occurrence  in  India  is  not  so  widespread  as  is  sometimes  supposed, 
being  in  fact  limited  to  certain  mines  in  Rajputana  (see  page  324). 

Puryab. — According  to  Mr,  Baden-Powell,  the  pottery  clays  of  the 
Punjab  principally  consist  of  a  grey  clay  which  burns  red ;  there  are 
also,  however,  clays  which  burn  to  a  yellowish  white  or  cream  colour; 
these  are  obtained  in  Dera  Ghazi  Khan,  Dera  Ismail  Khan,  and  Kohat, 
As  yet  no  material  suitable  for  terracotta  has  been  obtained.  The 
subject  of  bringing  down  kaolin  from  the  decomposed  granite  in  the 
Himalayaa  has  been  discussed,  but  the  cost  of  carriage  has  been  found 
to  be  too  great.  Very  full  details  of  the  different  classes  of  jjottery 
manufacture,  as  practised  in  the  Punjab,  will  be  fouud  in  Mr.  Baden- 
Powell's  works.  '■* 

Delhi  District.— Til  ere  are  kaolin  mines  at  Kussumpur;  and  a  short 
distance  to  the  south  of  it  in  the  Delhi  hills,  north  of  the  Kutub  minar, 
they  consist  of  pits  sunk  in  dykes  of  decomposed  granite.  By  leviga- 
tion  the  quartz  and  mica  are  removed,  and  the  kaolin  is  pressed  into 
cakes,  and  is  chiefl}'^  usetl  for  whitewashing,  but  also  possibly  for  ceramic 
purposes.  Another  mine  is  situated  at  Buchara  near  the  Lota  river  in 
the  Alwar  hills.^ 

Darjilitlg,-*-Sorac  of  the  beds  in  the  Daling  series  decompose  into  a 
white  clay,  which  Mr.  Mallet*  considers  would  be  suitable  for  pottery. 
There  is  a  quantity  of  this  material  near  the  right  bank  of  the  stream 

'  Col.  Jowr.  Nat.  HJRt.  Vol.  II.  p.  593;  ami  Vol.  Ill,  p.  158. 
'  Punjab  Prtnluct*  imd  Pmijnb  Muiinfarlun?*. 
'  R4H-onl«.  O.  8.  I..  Vol,  XIII.  p.  2-10. 
*  Mcrooim,  Q.  S.  I.,  Vol.  XI,  p.  »0. 
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*t  the  debouchure  of  the  Sakkam  river.  A  similar  material  is  said  to 
be  used  in  Sikkim  for  whitewashing. 

Assam. — It  may  be  of  interest  to  state  that  there  are  two  inde* 
pendent  references  to  an  apparently  considerable  deposit  of  pure  kaolin, 
which  is  found  in  one  or  more  localities  in  the  extreme  north-east  of 
AjMam.  The  6rst  mention  is  by  Mr.  Bruce,'  who  g-ives  the  locality  as 
Bhramakbund.  The  second  is  by  Colonels  Dalfcon  and  Hannay,®  who 
mention  the  Dora  stream,  which  is  a  few  miles  below  Parghai,  8  miles 
below  Bhramakhund.  Four  miles  up  the  stream  a  thick  deposit  was 
found,  which  rested  upon  white  quartz,  and  had  apparently  been  de- 
posited by  the  river.  It  is  termed  rulemani-pitha  by  the  natives.  There 
can  of  course  be  no  immediate  prospect  of  this  distant  source  of  supply 
being  drawn  upon  ;  but  the  fact  is  worthy  of  record.  A  fine  white  clay, 
apparently  of  goo<i  quality  for  pottery,  occurs  very  extensively  near  the 
base  of  the  cretaceous  rocks  at  the  western  end  of  the  Garo  hills.^ 

Burma. — According  to  Mr.  Theobald,*  the  ordinary  alluvial  clay  of 
the  province,  mixed  with  water  and  sand,  affords  the  material  for  ordinary 
pottery  and  bricks;  but  a  dark-coloureii  seam  in  the  Imwadi  valley  is 
much  sought  for  by  potters.  Some  of  the  upper  beds  in  the  nummu- 
litic  group  are  said  to  consist  of  China  clay,  and  would  answer  well  for 
pottery  on  account  of  their  freedom  from  iron.  Kaolin  is  found  in  several 
parts  of  Tenasserim,*  as  might  be  expected,  being  derived  from  the 
extensive  decomposition  of  the  granite  which  has  yielded  the  tinstone. 
Several  deposits,  believed  to  be  of  considerable  extent,  are  situated  on 
the  banks  of  the  Great  Tenasserim  river. 

"  In  the  neighbourhood  of  Bassein  and  of  Bheelang  on  the  Sitai^sf 
(Tsittoung),  excellent  clay  is  found  and  worked  into  highly  ornamental 
vessels,  whilst  Gnyoung-beng-shiep  near  Maulmain,  and  Twante  and 
Kwon-Khyan-goon  in  Rangoon,  are  noted  for  their  jars  and  pots.'*  The 
Bassein  iwttery  has  a  tracery  applied  in  relief,  and  consists  of  grotesque 
figures  of  plants  and  men,  &c. 

Coarse  forms  of  pottery  for  salt-boiling  and  for  domestic  purposes 
are  largely  manufactured  in  many  districts  as  required  from  the  local 
alluvial  cla3's. 

Fire-clays  :  Greneral  Remarks. — Fire-clays  derive  their  name  from 
their  refractory  nature, — that  is  to  say,  from  their  capacity  to  resist 
very  high  temperatures,  without  fusing,  Assuring,  or  alteration  of  ehnpe. 

•  Jour.  Aa.  Soc.  Bengnl,  Vol.  II,  p.  438. 
«  Meiu.,  G.  8. 1.,  Vol.  I.  p.  91. 
«  Records,  O.  S.  I.,  Vol.  VH.  p.  61. 

•  Mem..  G.  S.  I..  Vol,  X,  p.  341. 
'  QMetteer  of  British  Burma. 
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The  essential  qualities  of  ordinary  fire-clays  are  that  they  should  be  as 
nearly  as  possible  free  from  lime,  iron,  and  alkaline  earths,  all  or  either 
of  which  promote  the  fusion  of  silica. 

Highly  refractory  bricks,  for  special  purposes,  have  been  made  from 
aluminous  dolomites,  but  in  the  ordinary  fire-clays  silica  and  alumina, 
in  the  projwrtion  of  nearly  3  to  1,  are  the  principal  constituents,  alkaline 
earths  and  combined  water  being  the  principal  other  solid  constituents  ; 
hygroscopic  water,  often  exceeding  ID  per  cent.,  is  present. 

Although  it  may  be  possible  to  build  houses  with  bad  or  indifferent 
bricks,  it  is  quite  impossible  to  carry  on  many  metallurgical  and  other  pro- 
cesses continuously  without  the  aid  of  durable  and  refractory  fire-brickg ; 
great  damage  may  be  caused  to  valuable  machinery  by  the  failure  of 
inferior  bricks  to  resist  high  heat;  attempts  at  economy  in  that  direction, 
therefore,  may  cause  serious  loss.  Hence  it  is  that  fire-bricks  with  known 
brands  have  been  largely  used  in  India,  in  spite  of  their  high  price. 

In  view  of  the  rapidly  increasing  number  of  manufactories  in  this  coun- 
try, in  which  fire-bricks  and  crucibles  are  largly  employed,  it  is  obvious 
that  the  production  of  perfectly  trustworthy  fire-bricks  is  of  not  inconsi- 
derable importance. 

In  England  the  best  source  of  fire-clay  is  the  floor  or  under-clay, 
which  is  frequently  found  underlying  coal  seams,  and  in  India  similarly 
situated  clays  appear  also  to  afford  the  best  material.  It  is  probable  that, 
with  proper  manipulation,  some  of  the  pottery  cla^'s  mentioned  on  previous 
pages  would  afford  perfectly  refractory  materials.  Such  was  found  to  be 
the  case  with  the  Colgong  clay  experimented  on  by  Dr.  O'Shaughnesey ; 
the  bricks  and  crucibles  which  were  manufactured  from  it  were  considered 
to  be  equal  to  the  articles  imported  from  Europe.  English  fire-bricks  cost 
then  (184-0}  in  Calcutta,  lis.  10  a  hundred,  while  it  was  estimated  that 
with  the  Colgong  clays  bricks  could  be  made,  with  a  fair  margin  of  profit, 
for  Rs.  2-8  a  hundred.  The  chief  localities  where  fire-bricks  have  been 
made  in  India  are  situated  in  the  coal-fields. 

Ranigai^. — For  some  years  back,  at  the  Bengal  pottery  belonging  to 
Messrs.  Burn  and  Company,  efforts  have  been  directed  to  the  production 
of  thoroughly  refractory  fire-bricks,  and  it  is  believed  that  these  efforts 
have  met  with  a  considerable  degree  of  success.  Some  samples  were 
subjected  to  very  severe  tests  at  the  Calcutta  IMint  in  1875 ;  althougb 
ihey  had  answered  well  in  ordinary  cupolas,  the  tests  were  applied  in 
order  to  ascertain  whether  they  would  stand  the  more  heavy  work  of  a 
blast  furnace.  The  trials  were  made  under  the  supervision  of  Messrs. 
H.  B.  Medlicott  and  T.  W.  H.   Hughes';  the  first  results  were   not 


»  ReconU,  G.  S.  L,  Vc.l.  VIII,  p.  18. 


Economic  Geology]        BRICK-CLAYS- GENERAL  REMARKS. 


m 


completely  satisfactory,  but  subeequently,  after  certain  defects  in  tlie 
manufacture  liad  been  removed,  the  bricks  stood  the  tests  perfectly,  show- 
ing no  sign  of  cracking  or  vitrification.  Subsequently  these  bricks  were 
used  in  the  blast-furnaces  of  the  Bengal  Iron  Works  Company,  and,  it  is 
believed,  proved  satisfactory. 

The  principal  mat'crial  used  in  their  manufacture  was  a  slightly  car- 
bonaceous under-clay  obtained  from  the  coal-field,  but  other  materials  in 
or  in  the  neighbourhood  of  the  field  were  also  employed.  In  the  Karliar- 
bari  coal-field,  fire-clays  have  l>een  found  in  the  coal-measures,  and  have 
been  used  in  the  manufacture  of  bricks  for  cupolas,  furnaces,  coke  ovens^ 
&c.  At  Barwai  fire-bricks  were  made,  but  as  the  iron  works  were  closed 
before  the  manufacture  of  iron  commenced,  they  can  scarcely  have  been 
properly  tested. 

Promising-looking  fire-clays  are  found  in  the  Chanda  or  Wardha 
coal-field.* 

Burma :  Maulmain, — A  fire-clay,  believed  to  be  of  good  quality,  is 
found  near  Maulmain,* 

Brick-days :  Oeneral  Hemarks. — Since  the  time,  in  the  early  part 
of  the  century,  when  it  was  thought  necessary  to  import  bricks  into  India 
from  England,  the  fact  has  come  to  be  generally  admitted  that  clays, 
suitable  for  the  manufacture  of  bricks,  are  to  be  found  in  most  parts  of 
the  country.  This  discovery  was,  however,  scarcely  a  new  one,  since  there 
are  in  many  regions  in  India  buildings  in  which  bricks,  some  of  very 
large  size,  have  been  used,  and  which  are  known  to  be  of  high 
antiquity. 

As  a  rule  Indian-made  bricks  do  not  bear  a  very  high  reputation  for 
strength  or  durability ;  but  it  has  been  demonstrated  that  good  bricks 
can  be  made,  and  it  seems  probable  that  in  many  cases  where  the  bricks 
are  bad,  the  system  of  manufacture,  rather  than  the  mateml,  is  to 
blame.  Of  course  there  are  some  clays  so  impregnated  with  lime  kankar 
nodules  that  without  grinding  they  are  inapplicable  to  the  manufacture 
of  good  bricks.  In  the  neighbourhood  of  most  of  the  large  rivers  in 
India  clays  are,  however,  to  be  found  tolerably  free  from  these  impurities. 

The  largest  brick  factory  in  India  is  situated  at  Akra  near  Calcutta, 
where  from  20  to  30  millions  of  bricks  are  turned  out  annually.  This 
factory  belongs  to  Government,  and  the  bricks  are  supplied  to  the  depart- 
ments at  fixed  rates,  and  at  somewhat  higher  rates  to  outsiders. 

Most  of  the  accounts  of  brick-making  in  different  parts  of  India 

•  Mem.,  G.  S.  I.,  Vol.  XIII,  p.  Hi. 
»  C»l.  Jour.  N»t,  HiBt.,  Vol.  II,  p.  596. 
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are  made  up  of  technical  details  regarding^  the  manufacture,  and  there 
seems  to  be  little  information  of  a  character  suitable  for  reproduction 
here. 

Fuller's  Earth:  Gteneml  Remarks. — Being  of  detrital  origin  f  tiller'i 
earth  does  not  possess  a  definite  chemical  composition,  but  in  general 
terms  it  may  be  described  as  a  soft  unctuous  silicate  of  alumina.  It 
derives  its  name  from  having  been  used  in  the  'fulling'  of  woollens; 
though  it  is  still  largely  employed  for  this  purpose  other  detergents  are  now 
more  generally  used.  In  India,  fuller's  earth  is  employed  in  the  washing 
of  cloths  which  are  used  in  the  manufacture  of  lac,  indigo,  &c.,  and 
doubtless  for  many  other  purposes.  It  is  believed  that  earths  of  this 
nature  afford  the  principal  part  of  those  which  are  used  as  a  comestible. 
The  practice  of  eaith -eating  is  widespread  over  the  world,  and  though 
there  is  not  much  information  available  on  the  subject,  in  reference  to 
India,  the  fact  is  known  that  these  edible  clays  from  different  localities 
are  to  be  had  in  most  Indian  bazaars,  and  it  seems  possible  that  the 
pi-actice  of  eating  them  is  not  limited  merely  to  pregnant  women,  as  is 
sometimes  stiitetl. 

The  probability  is  that,  once  acquired,  the  habit  is  not  easily  given  up. 
Saucer-shaped  chips,  about  "I  inches  in  diameter,  of  partially  baked  clay, 
for  eating,  are  sold  in  the  Calcutta  bazaar  ;  they  are  said  to  be  made  by 
potters  a  few  miles  to  the  north  of  Calcutta, 

As  to  the  distribution  of  fuller's  earth  in  India  the  information  is 
very  incomplete;  but  it  is  known  to  be  carried  for  long  distances  from 
certain  localities  where  it  does  occur.  It  does  not  appear  to  be  mentioned 
in  any  of  the  nccounts  of  Mjidras.  Heyne^  mentions  having  found  some 
in  Hyderabad,  but  gives  no  particulars. 

Bengal  -  Bhagalpur  Division.— As  already  mentioned  in  connection 
with  the  ihari  or  pottery  cluy  of  Colgong,  a  sabun  mill  or  soap-earth  is 
obtained  in  that  neighbourhood.  Under  the  name  Eajmahal  miUi  a 
comestible  earth  is  sold  in  the  Calcutta  bazaars,  the  precise  source  of 
which  is  not  known. 

Rajputana:  Ajmir  District. — According  to  Dr.  Irvine*  a  fuller's 
earth  used  to  be  obUiined  near  Ajmir  in  fissures  of  quartz  and  schistose 
rocks  with  carlwnate  of  liaie. 

Bikanir  State. — In  the  Gazetteer'  of  Bikanir,  Major  Powlett  states 
that  the  multani  mittt  or  fuller's  earth,  which  is  excavated  at  the  village 

'   Trnct*,  p.  273. 

'  TupogTftjihj  of  Ajmir, 

»  PAg«97. 
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of  Meth  near  Kokth,  gives  employment  to  25  persons,  who  receive  three 
anoas  a  eamel-loa<l,  while  the  State  takes  Rs.  1-8.  It  is  said  that  about 
two  thousand  camel-loads  are  taken  away  in  the  course  of  the  year,  but 
Major  Powlett  thinks  this  may  he  an  under-cstimate,  as  in  two  days  be 
met  seven  or  ei^jbt  hundred  camels  laden  with  the  miiti  on  their  way  to 
Sirsa,  where  it  sells  for  Re.  1  a  maiind. 

Bombay:  Sind. — In  some  parts  of  Western  Sind,  according  to  Mr. 
W.  T,  Blanford,  ^  a  pale-w-reenish  clay  is  found  which  is  used  for  washing 
cloth,  &c.     It  is  also  oa<en  by  pregnant  women. 

Punjab:  Dera  Ghazi  Khan  and  Mtiltan  Districts. — According 
to  Captain  Pollock,  10,000  maunds  of  a  clay  rescmbliug  fuller^s  earth  is 
itnported  annually  from  the  interior  of  the  Suleman  range ;  it  is  usetl  for 
the  same  purposes. 

With  reference  to  Tidultan,  Lieutenant  Corbyn  writes  that  the  so- 
called  multani  mitti  is  not  produced  in  Multan  itself,  but  three  qualities 
are  imported  as  follows  :^ 

(1). — White  mitti,  called  khajru  or  edible,  from  Bikanir  and  Jesalmir, 
in  quantities  of  1,000  maunds,  value  Rs.  1,000, 

(2). — Yellow  mitti  or  bhakri,  nsed  for  dyeing  clothes,  from  same  loca- 
lities, in  quantities  of  1,000  maonds,  value  Rs.  875, 

(3). — Light-green  or  *<jij-»i»//*  for  cleaning  the  hfiir,  from  Vadur  in 
the  Dera  Ghazi  Khan  District,  200  maunds,  value  Rs.  150. 

Salt-range*  Nilawan. — A  lavender-coloured  clay  ash  or  decomposed 
rock,  which  is  found  with  volcanic  rock  at  the  above  locality,  is  used  as 
fuller's  earth  by  the  natives  according  to  Mr.  Wyune.^ 

Soils :  Gteneral  Remarks. — To  do  full  justice  to  so  large  a  subject 
as  this  would  recjuire  a  very  considerable  amount  of  space  owing  to  the 
variety  of  soils  and  the  extent  of  the  areas  over  which  they  are  spread. 
Among  the  agricultural  classes  of  India,  numerous  sub-divisions  of  soils 
are  recognised  and  possess  a  nomenclature  of  their  own.  The  differences 
have  a  very  material  influence  on  the  revenue  of  the  country,  and  hence 
revenue  and  settlement  officers  have  had  to  pay  a  good  deal  of  atten- 
tion to  the  subject,  and  some  of  them  have  discussed  it  according  to 
scientilic  methmls;  but  the  available  information  is  very  unequal ;  for  the 
most  part  it  is  accessible  to  those  seeking  for  it,  in  the  local  Settlement 
Re ()ort8  and  Gazetteers,  so  that  no  useful  object  would  be  attained  by 
attempting  to  give  a  curtailed  abstract  here. 

'  Mem.,  O.  S.  U  Vol.  XVII,  p.  IffS. 

»  Punjab  rrodncta,  p,  24. 

>  Mem.,  O.  8.  I.,  Vol.  XIV,  p.  800. 
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9.192 

241 
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11 
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43 
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6.481 

*"l06 

14388 

'4300 
6,019 

'i4a 

^ 

Be. 
8.187 

6i861 
1.890 
6.667 

•  •• 

24341 

208.801 

68.416 

47.484 
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18.68,865 

11,790 

11,800 

19.40348 

... 

16,43,891 

... 

18.93.691 

... 

16,96,694 

... 

18 

873 

6 

107 

Informatio 
for  yean 
1876-76. 

n  not  available 
previous    to 

... 

13 

878 

6 

107 

86,80,068 

26,821 

42,769 
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•  •• 

Other  oomitriee 

»                 n 

ASI8  (Unset 

... 

695 

•  •• 

90 

•  •• 

TOTAZ 

... 

61,803 

... 

37,488 

... 

FSIOXOUB  SlQim  ASD  Pi 

diamonds  cannot  be  dist 

ingnished). 

Qnantaty  n 

ot  aTsilablfl 

United  Kingdom 

18,466 

... 

12,346 

France 

... 

8,780 

... 

,., 

••* 

BedSea   . 

... 

82,350 

... 

21,200 

... 

Africa 

.•• 

5,350 

, 

62,244 

••• 

Aden 

••• 

66,900 

•  «. 

72,376 

... 

Arabia      . 

... 

... 

... 

... 

Cejlon 

*•• 

6.663 

... 

82i250 

... 

China 

... 

99,402 

.<• 

1,67,975 

Persia 

••• 

11,04,025 

... 

13,49380 

Straits  Settlements    . 

... 

47.322 

!•• 

55,083 

«•• 

Other  countries 

.        .        . 

... 

567 

... 

4,000 

TOTAl 

Saltfetbb. 
United  Kingdom 

... 

13,84,774 

... 

17,67.353 

... 

Cwt. 

) 

Ceylon 
Straits 

tt 

Info 

rmationnot 

available  for 

Other  conntries 

n 

) 

TOTAX 

Salt. 

United  Kingdom 

Tons. 

242,319 

73.70,788 

233,294 

71,15,326 

262,448 

France     . 

»» 

1,239 

38.717 

6,168 

1,67,993 

1,921 

Germany 

t> 

1,301 

24.016 

1,215 

21,555 

2,111 

Italy                 .        . 

» 

... 

... 

... 

... 

... 

Mediterranean  Ports 

»» 

10,383 

2,71,755 

6.890 

1,87.558 

2,018 

RedSea 

n 

16,565 

4,50,873 

17,867 

4,72,781 

35,416 

Africa 

•                  n 

,,, 

,,, 

54 

1,480 

... 

Arabia      • 

•                   »» 

... 

... 

... 

... 

... 

Ceylon 

•                   »> 

... 

... 

... 

•.. 

178 

Persia 

t* 

7,286 

2,00,304 

10.261 

2,79,726 

2,457 

Other  countries 

122 

2,090 

1,498 

40,611 

290 

1 

rOTAl 

279.245 

83.53,543 

276,747 

82,87,030 

806,889 

^^^^^^^^^^^^^         APPENDIX  1— MINERAL  IMPORTS.                                      57d               ^B 

^^^      ported  into  British  India,  and  the  Countries/rom  whence  theif  are  imported-^conid.                    1 

^^B 

n. 

1870-71. 

lBfl»-70. 

laes-w. 

18«7-68.                                           1 

T»loe. 

QuAailty. 

Valiw. 

QunUty. 

VAlUt. 

QuaotliT. 

VkhM. 

Qmmtily, 

1 

1U. 
21.426 

2,470 

R«. 

23.159 
7.762 

... 

R*. 

26,679 
6.234 

... 

Rs. 

26.082 
13.562 

«*« 

Rs. 
Detail* 

6>37 
2,182 
1,089 

... 

6.429 
22,277 

2.868 

... 

6.855 

12,813 

1,200 

... 

2,254 

3,826 

611 

... 

not 
available. 

83,904 

... 

62,486 

51,631 

46,835 

... 

14,111             ^m 

for  years  p 

rioP  to  18 

75.76. 

1 

1      81,607 

16,477 

4,250 

12,008 

86,750 

... 

4,186 

8*100 
56,170 
67,880 

... 

45,578 

95.446 

27,900 

... 

87,470 
37,690 

1,60^164 
79,450 

... 

4.560                         1 

6311                         1 

14.950                          1 

1,06,159                   ^J 

1,03,067                  ^1 

6,270 

1,01,926 

14,02,350 

94,459 
10,300 

17*14,396 

... 

6,070 

1,79,595 

9,05,990 

52,kiS 

a,50U 

... 

2,98,400 

13,96,895 

40,471 

10,449 

... 

2,66.000 

9.78,984 

24.846 

260 

••• 

T.160                 ^1 

1.06,460                         m 

11,99.126                    ^M 

19,060                    ^H 

480                    ^H 

12,68,899 

... 

19,16>133 

... 

15,14,294 

... 

16.51.302                    ^M 

jeiTt  previ 

omi  to  28 

75-76. 

1 

79,02,263 
52,304 
85,492 

193348 
6,830 
4,083 

62,60.633 
1.40,982 
1,07,389 

237,348 
5,670 

68.82,168 
61.669 

241,685 
8.337 
1,166 

66.09.252 

69.635 
62,684 

212,782 
3,438 

62,17.299                   ^1 
69.468                   ^M 

54.033 
9,63,602 

22.701 

6,03;277 

ld,*677 

1,58!788 

... 

... 

... 

1 

4,850 

67,597 

8,068 

1.693 

"■'  6 

46.088 
"*649 

4.052 

14,962 

109 

28!614 

4,17,404 

2,524 

1.'428 

18,560 
140 

61.549 

4,98,576 

21,106 

3,187 

26,732 

147 

68,766                          1 

4,23.058                           1 

6.148                           1 

9139,149 

227,610 

71.68,918 

272,818 

75,00,968 

266.666 

72,92,701 

345,296 

67.74,788                  ^J 

^ 

^ 

^ 

^ 

^^J 
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187940. 

1878.7e. 

1877- 

CoimtriM  whence  imported. 

Qoantity. 

Vslus. 

Quantity. 

Vslne. 

Qnsntity. 

PxTBOixnx  (Mineral  Oile). 

Bs. 

Bs. 
2,86.138 

United  Kingdom      . 

Oals 

469.728 

8,24,489 

868.444 

162,726 

Anstria    . 

, 

M 

... 

... 

63,965 

47.168 

116,860 

Africa 

. 

M 

... 

... 

21,472 

13.879 

22.868 

America 

, 

M 

7,200.154 

43.19,023 

8.020.310 

21.07.907 

1.750,628 

Straits  Settlements  . 

, 

»* 

228,004 

1,76.096 

808,327 

2,50.647 

238,071 

Other  countries 

M 
•> 

tones 

361 

471 

18.156 

11,873 

129,253 

TOXAIi 

7.888,247 

48,19,079 

8,776,674 

27,17,112 

2,406,406 

Sioira  AiTD  Masblx  (Building  ■ 

millstones,  grindstones,  Ac,  cannol 

be  distinguished). 

, 

United  Kingdom 

Cwi 

2.404 

24,628 

6,866 

83,331 

16.271 

France     .... 

M 

... 

... 

«•• 

... 

... 

Italy        .... 
Mediterranean  Ports 

m 

8.995 

61.606 

6,461 

46,122 

14,879 

ft 

... 

... 

•  •• 

... 

••• 

Aden        .... 

n 

... 

... 

•  •9 

, , 

•  «• 

China       .... 

M 

2,200 

2,942 

868 

2.729 

936 

Straits  Settlements 

w 

655 

1,848 

2,915 

4.116 

746 

Other  countries        .        • 

w 

I. 

8,269 

2,890 

682 

648 

62 

Total 

17,423 

93,414 

16,666 

85,946 

32,882 

QoLD  (Coin  akd  Bvxliok 

- 

United  Kingdom 

... 

30,21,033 

20,55.819 

... 

France       .... 

•.t 

2,40,711 

22,094 

..• 

Other  countries  in  Europe 

•  •• 

4,01,311 

1,08,500 

... 

/  Eastern  Coast  of 

... 

2.99,669 

1,72,767 

)  Egypt 

•  •> 

26,20,564 

17.58,138 

... 

Africa         ./  Mauritius    . 

,,, 

100 

•  «« 

... 

1  Reunion 

... 

«•• 

•  •• 

... 

\  Other  countries 

..• 

... 

727 

•  a. 

Aden         .... 

, , 

1,61,818 

2,00.952 

... 

Arabia       . 

■.. 

11,46,536 

10.46.143 

... 

Cejlon 

I          ... 

2,86,414 

3,79,167 

... 

China 

... 

1,18,41.692 

83,29,790 

... 

Persia 

... 

16,418 

13,180 

... 

Straits  Settlements 

... 

2,91,531 

1,37,138 

... 

Turkey  in  Asia  . 

... 

95,718 

1,16,713 

..a 

Singapore 

... 

... 

... 

... 

Bed  Sea    . 

... 

... 

... 

... 

Australia 

... 

80,414 

2,89,367 

... 

Other  countries 

... 

... 

... 

a.. 

1 

rOTAI, 

... 

2,05,03,929 

... 

1.46,30,495 

a.. 

APPENDIX  A 

-MTNEBAL  IMPORTS.                                      581              ^M 

^m            ported  info  Br i fish  India,  and  the  Count rU%  from  whence  iheif  are  imported^^onUi,                 1 

H* 

n. 

i87e-n. 

187&-70. 

1874-7S.                                 ^J 

Viliu, 

Qaaatl^. 

Vkloe. 

Qtunitty. 

V^a«. 

QoutltT. 

^H 

QtiantJty 

not  avn liable                  '^^ 

before 

1875-76. 

R«. 

Ri. 

Ril. 

Rn. 

1,51.22* 

63.671 

81,687 

29,139 

25,789 

,,, 

28,566 

l,4fi,178 

61,096 

71.357 

•  «< 

... 

... 

22^51 

1,840 

2.700 

*•• 

.. . 

5,400 

16.37,966 

809,191 

8,1R,898 

636,575 

3,76,961 

... 

7,49,580 

2,15,094 

10,454 

11,826 

43.654 

81,451 

t.« 

^H 

94^64 

2.871 

4,706 

12,163 

12,071 

... 

14,530                   ^M 

22.67.582 

439,128 

4>91,173 

621,530 

4,46,272 

... 

7.98,076 

72,311 

19,299 

85,211 

8,125 

28,058 

88,900 

... 

56 

2.176 

*4*                           I 

... 

... 

1,014 

»0,256 

9.573 

67,758 

2,114 

13,872 

... 

^H 

*f  1 

.>• 

... 

•«• 

... 

31,971               ^M 

•>• 

19,216 

10.909 

4.924 

2,815 

,„ 

...                       ^^1 

1            5,4SS 

l,97i> 

16.018 

1,099 

6,824 

.., 

6.783                 ^M 

3.821 

979 

8,459 

122 

1.719 

... 

1,270                 ^M 

777 

7.447 

2,685 

792 

2,187 

... 

^m 

1,72,649 

56,548 

1,78,116 

17,176 

65,426 

... 

84,659                 ^H 

20,80,927 

48,06.659 

26,72.281 

45.46.211                  ^1 

36,808 

... 

1,12.424 

... 

44,645 

... 

2.0a555                   ^H 

66.335 

.»• 

61,900 

... 

30.590 

>•• 

33,150                   ^H 

2,10,743 

,,, 

2.92.245 

.  •> 

98.900 

^^1 

29,02,014 

«.• 

18,64,007 

... 

6.90,813 

^^1 

... 

,,, 

1,100 

... 

... 

I 

^M 

♦»• 

... 

'"s.BOO 

... 

60,000 

^ 

2.27.143 

*.• 

2.30.700 

... 

2.77.197 

... 

2.76,800                        J 

8.19.196 

••• 

12.89,573 

... 

16.26.333 

... 

20.59.017                   ^M 

8,68.978 

••* 

5.29.257 

13.25,717 

... 

U».H6.H;t2                   ^H 

84,52.128 

,., 

40,60,289 

... 

1.03,29,HI7 

... 

1.08.35.838                   ^H 

39.030 

... 

1,11.591 

,,, 

1.57.875 

... 

8.03.362                   ^H 

3.13,852 

,1. 

2.80.468 

<i. 

3,65,870 

... 

2.30.867                  ^H 

1.084K>6 

... 

6,23,123 

... 

6,02,111 

..* 

1 

2,14,219 

... 

2,80,276 

... 

2,81,662 

«.• 

6.03.757                ^H 

... 

... 

... 

... 

... 

... 

30,000                 ^H 

1,57,89,273 

... 

1,44^7,116 

... 

1,83,63,811 

... 

2,08,9  2,36-'«                ^H 

^ 

^^ 

^^^^^J 
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CooBtrlM  whence  imported. 

1878-74 

1872-7S. 

1871- 

• 

Qusattty. 

Talue. 

Qosntitj. 

▼sole. 

Oaastity. 

Pbtboueux  (Mineral  Oils). 

Rs. 
87,068 

Quantity  n 
Rs. 
46,992 

ot  available 

United  Kingdom      .        .          Gals. 

,,, 

... 

... 

Anitria     . 

»        •             »» 

... 

... 

... 

•.. 

Africa      . 

•        •              » 

... 

7,476 

... 

81.013 

... 

America  . 

•                        M 

.... 

2,29,271 

... 

1,99.708 

... 

Straits  Settlements  . 

•                   n 

... 

... 

... 

1,792 

... 

Other  countries 

"                •                            M 

... 

27,462 

... 

6,782 

... 

Total                   m 

... 

8,61,271 

... 

2,86,282 

••• 

SroiTB  Aim  Masbxb  (Building  stones, 

Quantity 

cannot    be 

millstones,  grindstones,  Ac.,  cannot 

be  distinguished). 

United  Kingdom      .        .          Cwt 

72,766 

... 

68,746 

... 

France     ....             „ 

... 

6.367 

... 

7,792 

... 

Italy 

Mediterranean  Ports         .             „ 

... 

... 

... 

i.a 

... 

••• 

22,806 

.*. 

18,782 

... 

Aden        ....              „ 

... 

... 

... 

... 

... 

China       ....              „ 

a.. 

6,171 

... 

12,668 

... 

Straits  Settlements  .        .             „ 

... 

... 

... 

2,041 

... 

Other  countries         .        .              „ 

... 

1,620 

... 

6,851 

... 

Totai 

... 

1,07,720 

... 

96,365 

... 

Gold  (Coin  asd  Bullion). 

United  Kingdom       .... 

27,34,720 

... 

75,18.174 

... 

France      .... 

... 

21,871 

77,057 

... 

Other  countries  in  Europe 

,., 

9,795 

... 

49,830 

/'Eastern  coast  of 

) 

\  Egypt 

1 

Afrim           <  Mauritius    . 

)             - 

1,87,615 

... 

13,00,681 

... 

1  Reunion 

VOther  countries 

) 

Aden         .... 

3,18,296 

... 

2,95,376 

... 

Arabia 

... 

16,08,214 

... 

14,79,856 

Ceylon 

8,62,821 

.. 

23,56,650 

... 

China 

81,26,510 

... 

86.09,683 

... 

Persia 

... 

7,03,409 

... 

4,31,441 

... 

Straits  Settlements 

... 

1,70,226 

... 

4.40.288 

... 

Turkey  in  Asia 

... 

... 

... 

... 

... 

8ini2;apore 

... 

... 

... 

Bed  Sea 

... 

... 

... 

... 

... 

Australia 

... 

17,45,197 

... 

36,64,728 

... 

Other  countries         .... 

... 

... 

... 

... 

... 

1 

'OTAL 

• 

... 

1,64.88,073 

2,62,23,712 

... 

APPENDIX  A— MINERAL  IMPORTS.  683 

ported  into  Briiitk  Indian  and  the  Countries/rom  whence  they  are  imported-— ooniA, 


72. 

1870>71« 

1860-rO. 

1868^. 

1887-68. 

Value. 

Qiuuittty. 

Value. 

QuanUty. 

Value. 

Qoantitf. 

Value. 

Qaa  Dtiy 

Value. 

before  187 

1,95,580 

7,224 

1,52,001 

8,205 

41,614 

6-7& 

Rs. 
18,544 

15,462 

79,622 

1,370 

7,986 

... 

Re. 
8,566 

80,449 
1,686 

... 

R«. 
42,824 

28,492 
2,74,488 

"9,924 

... 

Re. 
96386 

"6,824 

2,41,645 

4,127 

17318 

4,04,624 

... 

1,22,974 

40389 

... 

8.60,728 

... 

8,66.160 

given  before 

66,446 
12,354 

82,934 
4,136 
6,997 

84,888 

1876-76. 

••• 

66,016 
14,402 

17384 

"7,664 

10,099 

134,760 
10,487 

6,778 
"6,908 

... 

1,12,749 

2.841 

"7,060 
7,080 

... 

f    Detaile 
>  not  avail- 
f      able. 

1,66,260 

•«• 

1,04,716 

... 

1,67378 

... 

139,780 

... 

84.681 

1,34,06,966 

1,33,332 

4,000 

6,07.631 

2,68,744 
9,24,508 
34,91.903 
1,33,17,463 
2.78,916 
2,23.252 

3031.074 

•  •• 

49.82,074 

1,29.618 

10 

78.006 

2,68.636 

11.28.767 

35.02,171 

1,60.53,521 

4.02.957 

1,62,798 

21,82.200 

... 

1,60.94.839 
8,83,494 

2,62376 

237,925 

1,88,97,106 

1,54,27,847 

6,5832A 

2,47,365 

6,23.982 

41,79,991 

650 

•«» 

1.69.68,984 
6,37,691 

4,86,070 

1,05,880 

89.040 

1,54,90,071 

1,50,12.095 

6.22.091 

4,n.896 

6,02,936 

26,02,855 

300 

... 

47,77317 
2,85,769 

^69,616 

2,07368 

],18,l'5.284 

2.47,88.186 

9.01324 

7,'66,962 

6,31,101 

82,12.022 

16,000 

8,67,87,779 

... 

2,78,26,741 

6.69.08399 

... 

6,17.69,768 

... 

4,77,59,248 
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1879-80. 

1878-79. 

1877- 

Conntriei  whenoe  lmp<«ted. 

Qauititj. 

Yaloe. 

Qosnttty. 

Valiu. 

Qtumtl^. 

SlLVSB  (COIK   AKS    BULLION). 

Bs. 

Rs. 

United  Kingdom       ...        * 

>•. 

4,71,89,757 

... 

2,83,86,810 

... 

France      

... 

13.65,000 

..• 

6,01,200 

... 

Italy 

... 

83«57.314 

,,, 

... 

... 

Other  coontries  in  Europe 

,,, 

460 

••• 

410 

... 

f  Eastern  coast  o£ 

•  a. 

8,90,626 

... 

2,68.826 

■M 

XEgypt 

,,, 

23,689 

... 

89.607 

... 

.-,               JMadagascar 

Africa        .<Manritias    .        .        . 

... 

67,949 

,„ 

46.428 

... 

... 

7,47,006 

... 

10,tOO 

... 

yK^nnion       . 

... 

4^16,000 

... 

... 

... 

\  Other  countries    . 

.*• 

600 

... 

,,, 

... 

Aden 

t» 

2.68»049 

... 

1,19,841 

... 

Arabia 

... 

25,87,645 

••1 

26,19,162 

... 

Ceylon 

,,, 

63.62,130 

».• 

26,74,062 

... 

China 

... 

2,82.37,143 

... 

1,81.18,727 

... 

Japan 

... 

2231,000 

»• 

8,90,000 

... 

Persia 

••• 

6,38,273 

..• 

4,84,407 

... 

Siam 

•  •• 

63,950 

... 

72,966 

... 

Struts  Settlements    .... 

... 

11,68,636 

... 

18,88,620 

M. 

Turkey  in  Asia 

... 

20,33,038 

... 

8,62,266 

... 

Singapore 

... 

... 

,„ 

... 

... 

Penang  and  Malacca 

... 

... 

... 

... 

... 

BedSea 

•  *• 

... 

... 

... 

... 

Australia 

... 

... 

..- 

.a. 

... 

Other  countries         .        .        .        . 

... 

82,015 

... 

20,176 

... 

TOTAX 

... 

9.60,50,019 

6.59.86,991 

Bbabb. 

United  Kingdom      .        .           Cwt. 

8,269 

4,17,797 

5,895 

8,11,528 

8.815 

Austria    . 

f> 

13 

1,536 

31 

3.941 

... 

Italy 

•                     n 

200 

23,216 

169 

21.2S2 

874 

Africa 

•                     »» 

117 

3.487 

,,. 

,., 

66 

Ceylon      .        . 

•                     »> 

144 

11.715 

181 

9.769 

117 

China 

•                     »» 

1,240 

64,628 

208 

16,714 

642 

Straits  Settlements 

'            •                     »» 

247 

24,329 

214 

18.318 

225 

Other  countries 

•                     >» 

49 

1,776 

114 

4.3S1 

127 

Total       .             „ 

10,279 

5,38,484 

6,812 

3.85,i^»;* 

10,366 

Copper  (inclxtdino  Coin). 

United  Kingdom       .        .           Cwt. 

3,28,956 

1,36,24,679 

239,817 

1,04,63,785 

251,695 

France      ....              „ 

187 

13,427 

291 

15.076 

526 

Italy         .... 

2,442 

2,47,800 

1,096 

2.38.335 

1,219 

I'Cape  of  Good  Hope       „ 

799 

24,072 

934 

33,074 

801 

\  Eastern  coast  of             „ 

53 

1,750 

176 

6,261 

255 

Africa      J  ^^^P^ 

Ainca      -j  Mauritius                       „ 

7 

1,238 

837 

81,752 

3,343 

126 

8,608 

40 

1,869 

78 

/  Reunion                           „ 

100 

2,898 

157 

4,959 

153 

pother  countries             „ 

... 

... 

274 

8.959 

•  •• 

Arabia               ...              „ 

110 

5,377 

123 

4.724 

68 

Ceylon 

„ 

370 

13,110 

45 

3,373 

217 

China 

•                     » 

38,082 

16,00,596 

42,167 

18,36,990 

22,856 

Persia 

,            .                     „ 

109 

3.361 

... 

... 

Straits  Settlements 

„ 

140 

19,159 

1,317 

75,734 

1,184 

Japan 

„ 

... 

Australia 

» 

14,444 

6,24,034 

2,'297 

1,09.598 

37,834 

Other  countries 

» 

248 

16,438 

282 
289,853 

17,704 
1,28,41,688 

375 
320,103' 

Total 

• 

3,86,173 

1,62,01,547 
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ported  into  Briiith  India,  and  the  Countriet  Jram  whence  they  are  imporled^^conid. 


78. 

1876-77. 

1876-78. 

1874-70. 

Valae. 

Qnantity. 

Valoe. 

QwuitltT. 

▼ilae. 

Qauti^. 

Valne. 

Rs. 

Rs. 

R«. 

Rs. 

12,71,63.297 

••« 

7,30,62,776 

1,97,96,662 

... 

4»37.68.807 

11,67,120 

••• 

11.67,920 

14,38,800 

... 

8,74,630 

8,&6.200 

••t 

1,03,14,700 

11,63.210 

... 

... 

10,000 

•  •• 

2,93,060 

2,30,068 

2.98,287 

1,78,697 

*•• 

2,32,350 

1,12.216 

86,840 

.•• 

8,17,108 

4^73,391 

76,088 

... 

68,836 

86,791 

20,72,962 

20,000 

••• 

6,000 

41,966 

••• 

1,20,000 

... 

"'6.200 

12.000 

3,89,623 

••• 

3,98,134 

4,86.817 

... 

3,46,182 

28.61.924 

••• 

25,79.604 

22,66,769 

... 

10,95.179 

16,05,486 

•.. 

34,22,183 

29.29,479 

... 

32,26.862 

1,76,17,278 

... 

61,04^720 

84^96,067 

... 

86,33/)26 

90,000 

,„ 

... 

... 

•*. 

63 

4.47,398 

... 

8.48,861 

4,11,927 

... 

26,78,179 

1,04,704 

... 

1,27,810 

1,10.946 

... 

2,82,276 

35,91,199 

... 

7,93,086 

8,39,962 

... 

24^97,322 

7,28,270 

... 

6,98,278 

8,68,662 

•  •• 

... 

... 

6.44,000 

... 

"8,264 

••• 

"2,140 

7,200 

... 

1.312 

•1,700 

... 

8.200 

15,77,66.323 

... 

9,99,24,082 

3,46.43.413 

... 

6,06.18,103 

4^13,721 

4^066 

2,72,996 

4.747 

8,17,610 

••• 

80 

3,894 

86 

12.253 

47,851 

257 

36,569 

191 

27.770 

2,200 

816 

16,197 

297 

12.248 

7,703 

189 

8,009 

518 

12.861 

42.501 

1.681 

76.664 

1,288 

7JJ,418 

17,068 

747 

85.178 

810 

28.926 

Figures 

not  available 

5,391 

116 

4.968 

24 

1.160 

before 

1876-76. 

5.86,435 

7,262 

4.64,476 

7.460 

4,85,236 

Quantity  not 

available  be 

^ore  1876-76. 

1,14,77.278 

221,721 

1.11.67,042 

178,248 

90,83,871 

... 

64.73,788 

27,899 

202 

14,484 

44 

6,265 

... 

... 

2,61,749 

74 

2.767 

886 

28,220 

... 

... 

10,931 

231 

9,584 

144 

6,916 

^ 

9,901 

197 

7,673 

112 

6.106 

1,54^-13 
2.917 

12 
241 

2.810 
10,433 

20 
117 

6,096 
4,362 

... 

69,828 

6.221 

198 

7,346 

160 

7,007 

) 

*"2,845 

•  •• 

124 

'*6,011 

"886 

17,942 

••. 

12,906 

326 

14,996 

247 

8.560 

... 

17.664 

10,68.920 

17,632 

8,62,126 

16,301 

7,87,358 

... 

8,31,376 

••• 

61 

:2.621 

27 

1,407 

... 

S,766 

24,719 

481 

34,086 

298 

16,362 

4 

... 

62,310 
1,07,380 

18,87,235 

»6.667 

18^42,609 

89,612 

20,63.478 

... 

10,46,702 

35,216 

206 

8,040 

76 

8,068 

... 

29,767 

1,49.81.749  j 

272,363 

1,39.81,017 

286.016 

1,20,76,001 

96,38,469 
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Statement  of  the  Quantity  and  Value  qf  the  principal  Mineral  Productions  m 


Coantries  whence  Imported. 

187S.74 

1872-73. 

1871- 

Qoantitj. 

Vslae. 

Qoaatiiy. 

Valoe. 

Qoanttty. 

8ILVBB  (COIK  AHD  BTTiLIOK). 

Rs. 

Bs. 

United  Kingdom       .        • 

... 

2,14,93,051 

... 

1,10,78,288 

... 

France      .        .        .        > 

... 

831.280 

... 

1,11,618 

... 

Italy         .... 

... 

... 

... 

... 

... 

Other  countries  in  Europe 

... 

6,16,200 

... 

10,400 

... 

/Eastern  coast  of 

' 

Egypt 

Africa 

Madagascar 
Mauritius    . 
Reunion 

.      ... 

1,06,190 

... 

1,60,965 

... 

^  Other  countries 

, 

Aden         .... 

... 

8,08,560 

... 

^68,248 

... 

Arabia 

... 

12,94,264 

... 

14.67,665 

... 

Ceylon      .... 

... 

81,79,021 

... 

18»44^765 

... 

China 

... 

91,29.668 

... 

16.12,730 

... 

Japan       .... 

•  .. 

... 

... 

46,700 

Persia       .... 

... 

22,64,213 

... 

18,05,608 

... 

Siam         .... 

... 

2,11,698 

... 

1,18.790 

... 

Straits  Settlements  . 

... 

26,16,229 

... 

6,98,666 

... 

Turkey  in  Asia 

... 

... 

... 

... 

... 

Singapore          .... 

... 

... 

... 

... 

... 

Penang  and  Malacca 

... 

... 

... 

... 

... 

RedSea 

... 

... 

... 

... 

... 

Australia 

... 

... 

... 

... 

Other  countri^ 

... 

86,989 

... 

28,900 

... 

Total 

4,14,37,263 

... 

1,93,42,138 

... 

Bbass. 

United  Kingdom       .        .           Cwt. 

\ 

Austria     .        .        •        .             „ 

I 

Italy         .... 

1 

Africa      ....              „ 
Ceylon      ....              „ 

\ 

Figures  n 

ot  available 

China       ....              „ 

\ 

Straits  Settlements  .                      „ 

\ 

Other  countries         .        .             „ 

) 

Total       .             „ 

COPPEE   (INCLTJDIMO   COIW). 

Quantity  n 

ot  available 

United  Kingdom       .        .           Cwt. 

... 

38,54,630 

... 

46,92.956 

... 

France      ....              ,, 

... 

... 

... 

5,624 

... 

Italy         .... 

... 

... 

... 

... 

... 

\  Cape  of  Good  Hope     „ 

... 

\ 

Eastern  coast  of           „ 

... 

1 

Af"--K«„;   :      :: 

... 

\     79,398 

... 

70,025 

... 

1  H^union          .              „ 

/ 

'  Other  countries             „ 

... 

/ 

Arabia      ....              „ 

... 

... 

... 

... 

... 

Ceylon      ....              ^ 

... 

... 

... 

23,103 

M. 

China        ....              „ 

... 

3,86,409 

... 

4,69.413 

... 

Persia       ....               „ 

... 

,., 

.a. 

19,035 

... 

Straits  Settlements  .        .              „ 

... 

63,608 

,,, 

89,922 

... 

Japan       .... 

... 

... 

... 

2,13,546 

... 

Australia           ...              „ 

... 

6,36,651 

... 

1,62.444 

... 

Other  countries        .        .             „ 

... 

1,09,537 

... 

41,816 

... 

Total 

■•  1 

... 

61,30,233 

... 

67,87.884 

... 

^^^^^^^^^^^^^^        APPENDIX  A— MINEllAL  IMPORTS                                        5S7          ^^^| 

ported  info  British  Indian  and  the  Countrieefrom  whence  they  are  imported — could.        ^^^^| 

71. 

187<Mri. 

1860.70. 

iMe.«». 

1807-68.                       ^^^H 

Tila«. 

QBHitlty. 

TitlM. 

QinnUly. 

VtlM- 

QUADUtj. 

TkIm. 

Qua  tit; 

▼aloe.               ^^^H 

Rs. 

H«. 

Ra. 

R>. 

^^^1 

5,56.08,153 

... 

20,07,959 

... 

2.04,12,239 

... 

8.16.58,631 

... 

80.61.244         ^^^H 

2€.03,709 

... 

7.49,100 

... 

33,77,831 

90.61,984 

... 

12,02.340          ^^^1 

11,200 

... 

1,80,537 

... 

... 

... 

... 

... 

^1 

2,56»88;( 

... 

4.92.165 

9.09.950 

... 

81.81,236 

... 

^^^1 

6^18.678 

8.92,158 

8,88.814 

... 

9.15,006 

a39.94S           ^^^1 

12,46,946 

... 

11.25..S51 

... 

10,400 

1.15.230 

•«• 

4.000                  ^^M 

26.54.923 

... 

18,07.064 

... 

66,63,102 

89.27,360 

•  •• 

28.29.056             ^^H 

1.32,41,409 

.1. 

1,24,78.637 

... 

8,70.76.666 

. .. 

2,95,38.354 

•  I* 

4.40.52.r>OB            ^^^H 

67.000 

... 

7.87.410 

... 

45.76.258 

.1. 

..* 

^^^H 

80,35,393 

*» 

41.88,497 

... 

29,42.454 

66,26,582 

<>• 

^^^H 

l,42.2iJ3 

75.148 

... 

60.960 

... 

75,230 

•  •  t 

^^^M 

10,»»,904 

... 

18,26.454 

... 

... 

... 

... 

... 

^^^M 

'.'.'. 

z 

z 

... 

46,85.124 

>«• 

45.09,286 

... 

^^^1 

... 

... 

... 

... 

76.788 

... 

2,60.282 

■•• 

8.96.766           ^^^H 

>■• 

..• 

... 

... 

9,72.810 

... 

8.19,644 

... 

7,88.378           ^^H 

176 

... 

... 

... 

10,800 

... 

»•• 

... 

60.000                   ^H 

23,763 

... 

61.915 

82,377 

«.2fi,l4,<>73 

... 

31,020 

... 

34.100             ^^^1 

8  0ti,W.3f.o 

9,97,89,786 

... 

6,99.9^497          ^^^| 

b«fore  1875 

•76. 

1 

before  1873 

71,82.873 

... 

1.09.18.196 

,. 

1,43,44.245 

... 

1.53.62,402 

... 

^^^H 

1,593 

... 

1,380 

... 

•■ 

... 

... 

*  • 

^1 

4,02,520 

,.. 

2,27,266 

... 

7,83,023 

... 

1.05,427 

... 

^^^1 

36.325 

... 

n.695 

... 

... 

... 

^^^1 

10,92.358 

... 

6,37.610 

.. . 

91.396 

, ,  . 

1,82,972 

... 

^^^H 

62.:j53 

■•. 

13,916 

... 

... 

^^^M 

2,04,849 

... 

C3.270 

... 

1.53.199 

2.70,107 

,,, 

2.65.806            ^^^H 

1.0f»,426 

... 

2.48.252 

... 

... 

... 

... 

^^^^H 

12,87.234 

... 

14,66,576 

21,11,262 

... 

13,25.588 

... 

28.82.144           ^^^H 

37.713 

... 

34,385 
1.36,17,582 

... 

68.237 

... 

1,84,469 

.f 

27.608           ^^^H 

■             1,03,66.744 

... 

... 

1.75.36,358 

... 

1.74,30,966 1       ...     1 

1,93.96.663          ^^^| 

M 

588 

StateweHi  of  the  Quantify 


GEOLOOT  OF  INDIA. 
and  Value  of  the  principal  Mineral  Productions  im 


orted. 

187»«>. 

1B78-7B. 

1877- 

Quantttr. 

Valu. 

Qoantity. 

Yalae. 

QianUt7. 

Lbao. 

United  Kingdom 

France 

Straits  Settlements 

Other  conntries 

Cwt 

M 
»* 
*» 

•  »» 

Bury). 

Lbs. 
» 

»» 

). 

Cwt. 
»             «» 

•  w 

Cwt. 

•  »» 

»» 

•  tt 

•  »> 

>  »> 

M 

•  M 

•  »> 

•  >» 

Cwt. 

>  »> 
>» 

•  »» 

67,379 

4^650 

228 

1,223 

Bs. 

49,866 

3,006 

18,142 

66,750 
110 
206 
897 

Bs. 

11,06,232 

1.685 

8.106 

5»010 

62',828 

"*  82 
847 

Total 

78,480 

10,62.968 

66^468 

11,15,982 

62,767 

QinoKBiLTn  (Men 

Umted  Kingdom 

China 

Other  conntries 

80,172 

371.260 

79,971 

94.188 

4.06.167 

88,091 

76.603 

168,381 

6.000 

1.11,658 

2,69,751 

6,648 

181.408 

76,675 

8 

TOZJLL 

531,898 

6,88,486 

260,884 

8.88.047 

207,981 

Spiltxb  (Zinc 

United  Kingdom 
Other  coontries 

127,054 
84 

14,42,437 
1,162 

128,919 
742 

15,56,619 
8,863 

129^726 
654 

Total 

127.188 

14,48,599 

129,661 

15,65,472 

180,280 

Iboi 

United  Kingdom 

France     . 

Germany 

Sweden     . 

Africa 

Arabia 

Ceylon 

Straits  Settlements 

America 

Australia 

Other  conntries 

f. 

2,096,709 

2^628 

"i',839 
1.036 
6,339 
1,198 

1,407 

1,22,10,441 
27.793 

'4,708 
3,546 

80,231 
8,567 

*  8,561 

2.344,055 

359 

5,846 

i,072 
1,638 
6.845 
1,715 
199 

3,677 

1.43,33,135 

1,696 

39,150 

"2,123 

7,669 

36,223 

14,310 

2,719 

23,127 

2,428,036 

266 

1,816 

*i,371 
382 

6,254 
312 

••• 

*'*784 

Total 

2,111,166 

1,22,93,847 

2,365,306 

1,44,60,151 

2.437,721 

lis 

United  Kingdom 

Ceylon 

Siam 

Straits  Settlements  . 

Other  countries 

639 

457 

96 

19,106 

643 

26,297 

3,957 

3.900 

9,25.883 

28,422 

Quantity 

1,842 

41 

97 

83,464 

45 

for  Spelter 

62,279 

1,590 

4,852 

14,54,511 

4,169 

Iron   and 
703 

46,119 
1,849 

TOTAI 

20,840 

9,88,459 

34.989 

15,17,401 

48,671 
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78. 

1876-77. 

187S-7e. 

1874-76. 

Value. 

QvanUty. 

Yalae. 

Qoantity. 

Valoe. 

Qaantity. 

Value. 

Rs. 
9,64,886 

"i,636 
4.681 

40,826 

'"  110 
89 

Rs. 

7,22,410 

"2.OS8 
1,814 

86,911 

"*  188 
167 

Rs. 
6,26,999 

""2.5O8 
2,487 

Quantity 
before 

not  avnilable 
18766. 

Rs. 
6.06,065 

"4,377 

9.71,101 

40,476 

7,26,762 

86,216 

6,80,989 

••• 

6,09,482 

1,76,457 

1,13.586 

8 

91,706 

114.160 

11,825 

1,61.744 

1,98,029 

14,550 

463.768 

64,765 

6,770 

9,49,149 

1,13.936 

12,031 

168,044 
2,700 

1,68,600 
"2,700 

2,89.001 

217,181 

8,69,823 

624,298 

10,76,106 

160,744 

1.61,200 

17,87,937 
6,693 

95,839 
764 

14,26,217 
10,981 

68,805 
313 

8,22,312 
4,201 

... 

4,69.148 
6,502 

17,94,530 

96,593 

14,37,198 

69,118 

8,26,613 

... 

4,74,644 

1,48.01,927 
2,957 
6,787 

"3,613 

7,887 

26.911 

178 

"  6,861 

2.227,744 
216 

'"  702 
2,026 
9,863 

6,418 

"2.000 
3,286 

1,61,74,106 
1,684 

"i.064 

6.098 

46.368 

82,016 

"3,000 
20,893 

2,007,096 

"*1,134 

10,888 
1.804 
1,071 

"2,864 

1,41,63,621 

"2.226 
60,572 
12,922 
11,687 

'16,061 

••• 

1,20,06.009 

5.422 

11,661 

'43,084 

87,667 
42,794 
18,618 
64.148 
48,946 

1,43,66.611 

2,261.193 

1,62.84,067 

2,028,846 

1,42,46,978 

... 

1,22,63,244 

~lln  not  avail 
26.496 

21,19.428 
76.647 

able  before  18 

1,326 

'*'  286 

36,686 

61 

76-76. 

42,141 

12,247 

17,49.798 

8,767 

4,100 

130 

897 

81,479 

58 

98,779 
4^844 

17,088 

16,67,849 

4.307 

••• 

4^08,994 

16,080 

8,244 

11,71,648 

6,814 

22,21.671 

87.296 

18,07,948 

86,169 

16,92,862 

... 

1640,260 

690  GEOLOaY  OP  INDIA. 

Statement  of  iht  Quantity  and  Value  of  the  principal  Mineral  Produetiona  im 


ConntriM  whence  imported. 

1879-74. 

lMrs-7S. 

1871- 

Tslae. 

QasntitT. 

Yslae. 

Qnantitj. 

LxAJ 

United  Kingdom 
France     . 
Struts  Settlements  . 
Other  countries 

>. 

Cwt. 

•  *i 

•  n 

•  •                  w 

1           •                  *> 

iTKE  (Meroniy). 
Lbs. 

n 

•  *» 

•  M 

(Zinc). 

Cwt. 

•  •             •* 

r. 

Cwt. 
» 

•  »» 

•  »» 

» 
it 
»» 
»» 

Cwt. 

•  »> 

•  •              >• 

•  »» 

•  » 

•  »» 

- 

Bs. 
8,68,481 

H610 

•  •fl 

Quantity  n  ot  available 

Rs. 
e4i9,598 

8^219     ;.*.* 

TOTAI 

... 

8.82,941 

... 

6,87,817 

... 

MXTAIA— QmOKBI] 

United  Kingdom 

China 

Other  coxmtries 

187,702 
4.200 
1,125 

1,87,702 
4,200 
1,125 

160,487 
8,760 

1,60,487 
3,760 

888,678 

TOTAI 

148,027 

1,48,027 

164,247 

1,64,247 

853,298 

Sfxioxs 

United  Kingdom 
Other  countries 

... 

^87,094 
8,134 

••t 

12,14,966 
4,201 

... 

TOTAl 

... 

4,95,228 

... 

12,19.166 

... 

Ibos 

United  Kingdom 

France 

Germany 

Sweden 

Africa 

Arabia 

Ceylon 

Straits  Settlements 

America  . 

Australia 

Other  countries 

•  •• 

75,30,773 

76^014 

26,784 
69,026 

36,739 
39,488 

72,76,799 

9,366 

20,016 

87^543 

14^652 
58,298 

21,934 
32,834 

... 

TOTAI 

... 

77,78,824 

... 

74,71,432 

... 

Tw 

United  Kingdom 

Ceylon 

Siam 

Straits  Settlements 

Other  countriee 

3,86,217 

12,92,872 
24,895 

-^ 

lautity 

for  Spelter, 

1,45,092 

1,838 

23,733 

6,80,571 
3,734 

Iron   and 

TOTAI 

16,53,984 

8,54,968 

... 
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ported  into  Br'UUh  India^and  the  Countriesfrom  whence  theif  are  imported^-'Concid, 


7*. 

18T0.71.              [ 

1899-70, 

1868-<;D. 

16«7-«8. 

Vfclue. 

Qnutity. 

V»la«. 

Qoantity. 

Vklue. 

Qaanlitj. 

V*la«. 

Qiwntily. 

▼llM. 

b«fore  187 
Ra. 
6,69,052 

1.098 
3.816 

5-76. 

R«. 

4,52,593 

45.864 

4.567 

80.426 

... 

Rl. 

8,90,262 

3  2,633 

797 

8,002 

... 

832,216 

33.445 
2,071 

... 

R«. 
1,84.900 

85.687 

5.73,966 

8,88,678 
14.625 

... 

5.33.440 

... 

4,26.694 

283.245 
75,000 
22,500 

4,17,732 

8,28,245 
67.500 
22,500 

2,20.597 

129,620 
11,625 

1,29,526 
li,625 

140,103 

7,500 

1,47,603 
7,600 

161.196 
62,^ 

1,63,820 
60,000 

3,63,298 

141,151 

1.41,161 

147,603 

1,66,103 

880,746 

4.18,246 

228,820 

2.23,820 

12,82.077 
6,887 

... 

12.10,365 
11,692 

... 

13.68.985 
17,469 

... 

19,28.454 
4,596 

... 

20,18,3.58 
29,233 

12,87,914 

... 

12,22,047 

... 

18.70,464 

... 

l9J8ja60 

•*« 

20.48,690 

80,46.645 
1,216 

95,886 

23,322 
20,779 

19,368 
16,804 

*•• 

84,51,764 
5.045 

25,668 
1,09.498 
1.37,834 

16.142 
39,658 
4.509 
10.446 
21,016 

... 

1,11,66.420 
24.474 

38,2D1 
2.81,722 
2.51,846 

10.318 
25.405 

35.946 
46.443 

... 

1,35,96.475 
2Ct.8'Jl 

6.38,154 

13B»88i: 

27.109 
62,410 

20,987 
70,789 

... 

1,36,81,1>C'1 

2,817 

5,07.098 
1,55,323 

23,8W 

'10,620 

2.4<>8 

30.279 

1,68,768 

82^4,020 

... 

88,21,564 

1,18,80,866 

1 

... 

1,46,17,656 

... 

1.46,13.004 

Tin  not  av* 

2,52,217 

70,893 

10,08.224 

21.633 

iUbie  bcf 

ore  1875-ib. 

1,89.941 

5,036 

21.226 

11,65.681 

35,538 

... 

8.36.900 
23,018 

11.98,353 
6,446 

... 

4,81,789 
1,911 

20,693 
9.36.334 

20,125 

.,. 

2.09.668 
2,0O2 
3.241 

7,40,504 
48,151 

13,62,967 

... 

14.17,422 

15,63,773 

... 

14,60,762 

... 

0.98,661 
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APPENDIX  D. 


Liit  of  Collieries  in  tie  Bengal  Presidency 

and  i/te 

1 

Central  Provinces  for  the 

Calendar  year  1879, 

1 

▲vencre  annu- 

ProrinoM and  Diatrieti. 

i 

Nuae  of  Mine. 

Ootpat  of 
00*1  iB  the 
jmrlSTO. 

al  ootpat  of 
oo«Iinthe 
Sjaanprevi* 
ons  to  1879. 

Tons. 

Tons. 

/ 

/ 

1 

Raniganj         .        .        ,        .        . 

61.460 

45,128 

2 

Mangalpur 
Chaukidanga  (a)     . 

24,233 

24^066 

3 

... 

... 

• 

4 

Raghunathchak  (a) 

... 

... 

6 

Siarsol    . 

62,729 

41,830 

6 

Jemeri   . 

28,681 

26.652 

7 

Nimoha  . 

11,561 

6,314 

8 

Hatinal . 

420 

1.926 

9 

Lalbazar 

1,698 

t 

10 

Bansra  . 

90,000 

80,000 

11 

Nija       .        . 

13,000 

12,000 

12 

Dhadkia 

31,661 

27.747 

13 

Benali  (a) 

... 

... 

14 

Madbubpor    . 

24.762 

9,699 

15 

Dhosal  . 

1,928 

1,928 

16 

Sanktoria 

33,066 

28,471 

-d 

17 

Haripur  (a)    . 

•  •• 

... 

& 

18 

Belrui    . 

24,934 

16.687 

0 

Bard  wan  ...  ( 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

Dhosal   . 
Sibpur    . 
Satpukuriya  (a) 
Lachipur 
Bampit  mathi  (6) 
Bamundihi     . 

Do. 

Do. 

Do. 
Bamundhea    . 
Jotjanaki 
Kumardi  (c)    . 
Lakbmipur     . 
Niamatpur 
Charanpur 
Deziragarh 
Banbahal 
Kalipahari 
Narsamda 

24,900 
17,418 

"275 

2*,20O 

2,411 
1.082 
1,321 
5.534 
22,000 

3,724 

21,970 
24,380 
9,761 
1,928 
1,750 
3,569 

t 
10,714 

t 

15,41.3 
447 

1,082 
535 
t 
18,000 

52.424 

t 
13,796 
t 

714 
2,142 
5.002 

< 

k  38 

Pura 

19,286 

15.826 

(a)  TheM  minea  are  now  closed. 

(b)  CloB«d  from  the  asth  Aagnit  1878. 

(e)  These  rninea  arc  now  closed.    None  of  thcjn  have  becu  worked  ty  the  laal  three  yean. 
t  lio  inrorination  available. 
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Lhi  of  Coliieriet  in  the  Bengal  PreBtdeney  and  the  Central  Provineet  for  the 
Calendar  year  i875.— concluded. 


1 

Arerage  annu- 

ProTinoM and  Dittrioto. 

i 

Name  of  Mine. 

Ontpat  of 
ooal  in  the 

al  ootpot  of 
coal  in  th« 

3 

j«u  1870. 

8  j«an  preri- 
008  to  1879. 

Tons. 

Tons. 

/ 

/ 

39 

Sodepur         

16,766 

4.806 

40 

Bamnndiya 

1,673 

1.166 

41 

Laohipur 

1.018 

*■• 

Bbrdwan   ...  ( 
V 

f 

42 
43 

44 
46 
46 
47 
48 

Mohanpur 
Bhatra 
Chatapatar 
JBIalipahari 

Enldiha 
Earharbari    . 

t 

786 

7,601 

2.236 

867 

69.198 

140,804 

48,777 
1,66.209 

% 

Hazaribagb.  < 

49 
60 

Serampor 
Bariadih 

90,426 
46.899 

1,23,744 
68,787 

9 

I 

61 

Serampnr  (a) 
Bi\jhera  (Daltonganj) 

... 

•  •. 

n 

Lohardugga  ... 

62 

892 

t 

/ 

63 

Ehomerdobio 

26,362 

t 

1 

64 

Agerkuri 

26 

616 

1 

66 

Makma 

136 

124 

I 

66 

Meiya 

1,024 

2.626 

Manbhom  ...  / 

67 

Nawadanga 

1,466 

620 

68 

Eapashara 

200 

142 

69 

Do.     . 

100 

130 

60 

Eowari  (Chomee  Nalla) 

111 

81 

61 

Do.      (Pita  Eewarr) 
Eanjawa  and  Kasunda 

161 

28 

^                        \ 

62 

10 

... 

Total  for  Bengal 

891.047 

813.040 

IjiJ 

Narsingpar  ... 

63 

Mohpani         .    10,617         12.421 

J^li 

Chaoda 

64 
2 

Warora          .    22,898         I 

(3,961 

33,616 

Total  for  the  Central  Provinc 

ies 

46.372 

Oband  1 

'OTAL 

• 

924,662 

869,412 

(•)  TheM  mtnea  arc  now  oloMd ;  none  of  them  hare  been  worked  for  the  last  three  jrean. 
t  No  information  arailable. 
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INDEX  TO  REFERENCES. 
DIAMOND. 

Ikdia  QMjfM^HLLYj—Srhat  Sankita,  6th  centary.  Trans,  by  Dr.  H.  Eem,  Joar.  Boj* 
As.  Soo.,  Vol.  YII,  new  series,  p.  126;  Tavemier  (1666-1669)  "  Toyagem  " 
Vol.  n,  Paris ;  ffeyne,  Dr,  (1814),  "  Tracts,"  London,  p.  92 ;  Bitter,  Karl 
(1836),  Erdkande,  Asien.  Vol.  YI,  pp.  343-368 ;  Newbold,  Cap«.(1843).  Joor. 
Boy.  As.Socy.,  Vol.  VII,  ^.226,  Burton,  Capt.  (1876),  Qaarteriy  Journal  of 
Science,  new  series.  Vol.  VI,  p.  361,  reprinted  in  A.  E.  I.  by  Mrs.  Barton  ; 
Toffore,  Ih-,  Sourendro  Mohun  (1879),  "ManiMala,"  2  Vols.,  Calcntka  ; 
Ball,  r.  (1880),  Soi.  Proc.  Boy.  Dub.  Socy.  and  (1881)  J.  A.  S.  B.,  VoL  L. 
pt.  II,  p.  31 ;  also  in  "  Diamonds,  Coal,  and  Gk>ld"  London,  1881,  Triibner. 

South  India  Qbbbballt.— Jfarco  Polo,  13th  century.  Travels,  Ed.  by  Col.  Yule, 
Vol.  IT,  p.  296,  Loni.,  1871 ;  Voysey,  Ih-.  (1826),  As.  Bes.,  Vol.  XV,  p.  120; 
(1679),  Madras  Govt  Standing  Information,  p.  230. 

BxLLABT  Dn-nacT.—KeUall,  (1872),  Bellary  District  Manual,  p.  96. 

Kadapah  Distbict.— 3fa/co/»wo»i,  J.O.  (1836),  J.  A.  SL  B.,  Vol.  V,  p. Ill ;  Ouekter- 
lonjf^  Lt.  (1867),  Mineral  Report,  Madras ;  King,  W.  (1869),  Bee  Oeol.  Snrr. 
India,  Vol.  H,  p.  9,  and  (1872)  Mem.  Geol.  Surv.  India,  Vol.  VIII,  p.  207, 
et  ante;  Qribble,  J.  D.  B.  (1876),  District  Manual,  p.  24, 

Kabnul  Distbict.— 2*at7*r»wr  (1665),  Voyages,  Vol.  IT ;  Bennell  (1793),  Memoir 
on  Map  of  India,  p.  264;  Newhold,  Capt.  (1836),  Madras  Jour.  Lit.  and  Sci., 
Vol.  Ill,  p.  120;  Malcolnuon,  J.  O.  (1836),  Trans.  Geol.  Socy.,  Lond., 
2  Sor.,  Vol.  V,  pp.  641  and  668 ;  Neiobold,  Capt^  (1840),  Vol.  XI,  p.  47  ; 
The  Same  (1846).  J.  A.  S.  B.,  Vol.  XV,  p.  390 ;  King,  W.  (1869).  Rec. 
Geol.  Surv.  India,  Vol.  II,  p.  9,  and  (1872),  Mem.  Geol.  Surv.  India,  Vol. 
VIII,  p.  106. 

GoLCONDA  OB  KisTKA  AMD  GoDAVABi  D18TBICT8.  Frederick,  Ccesar  (1670),  Hak- 
luyt's  Voyages.  Methold  (in  1622);  D'Lact  (1647),  quoted  in  Precious 
Stones,  &c.,  by  C.  W.  King,  p.  21  n  ;  Tavemier  (1665),  Voyages,  Paris,  Vol. 
II;  Hamilton,  Capt.  (1688-1728),  New  account  of  the  East  Indies,  Vol.  I, 
Chap.  XXIX,  Madras  or  Chinapatam,  p.  306 ;  Anderson,  J.  (1767),  EdinU 
Phil.  Jour.,  Vol.  ni,  (1820),  pp.  72,  73;  Voysey,  Dr.  (1820),  J.  A.  S.  B., 
Vol.  II,  p.  403  ;  Benza,  Dr.  (1835),  Madras  Jour.  Lit.  and  Sci.,  Vol.  VI, 
p.  47;  Walker,  Dr.  (1860)  Op.  cit.,No\,  XVI,  p.  184;  Blaiford,  W.  T, 
(1872),  Bee.  Geol.  Surv.  India,  Vol.  V,  p.  27  ;  King,  W.  (1877),  Bee  Geol. 
Surv.  India,  Vol.  X,  p.  58 ;  The  Same  (1881),  Mem.  GeoL  Surv.  India,  VoL 
XVI,  p.  253. 

GoDAVABi  DisTBicT:  Bhadbachblum. — Voytey,  Dr.  (1826),  As.  Res.,  Vol.  XV, 
p.  125,  note-,  Newbold,  Capt.  (1843),  Jour.  Roy.  As.  Soc..  Vol.  VU.  p.  233. 

*  Besides  the  references  here  given,  there  are  numerous  European  works  on  precious 
utones  which  describe  the  distribution  of  diamonds  in  India ;  but,  without  exception,  the 
details  are  more  or  less  inaccorate. 
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BliiPUX. — Bennelf,  Col,  (1793).  Memoir  on  Map  of  India,  p.  263;  Voytey,  Dr. 
(1825),  As.  Res..  Vol.  XV.  p.  126,  note;  Foote,  B.  B.  (1876),  Mem.  Qeol. 
Surv.  India,  Vol.  XII,  p.  14i. 

Cbvtbal  PBoTiKCKfl :  Yf iiUkQk&VL—Fcruhta  (14S6),  History  Ed.  by  J.  Brigp* 
Lond.  (\S\9\  Vol.  II,  p.  406 ;  Abdul  Fatl  (1590),  Ain-i-Akbari,  Gladwia'f 
Trans.,  Vol.  II,  p.  59  ;  Jenkint,  Cttpt.  (1827).  Report  on  Nagpur,  CalcutU, 
(1827),  p.  U;  Wtlkinwn,  Capt.,  Cal.  Jour.  Nat.  Hist..  Vol.  Ill,  p.  290; 
nixlap  and  Hunter,  R*iv.  Mettrt.  (1865),  Jour.  Geol.  Skic.,  I^nd..  Vol.  XI, 
p.  355 ;  Temple,  fi.(1861),  Adm.  Rep.  Cent.  Prov.,  1861-62.  p.  134  ;  Grant,  C, 
(1870),  Gazetteer  of  Cent.  Prov.,  ^r^— Wnir^garb  ;  Btglar^  J,  D.  (1871), 
ArcL.  Surv.  of  India  Rep.,  Vol.  VII,  p.  127. 

S^MBALPUR. — Ptolomcjf,  Map  of  Asia ;  Mmttapha  (1758).  Oriental  Repertory.  Lond., 
1808,  Vol-  II»  p.  261 ;  Motte  (1700),  Asiatic  Annual  Register,  London,  1799; 
Voytey,  Dr.  (1823),  J.  A.  S.  B  ,  Vol.  XIII.  p.  859  ;  Breton,  Dr.  (1826), 
Trans.  Med.  and  Phys.  Socy.,  Calcutta,  Vol.  II,  p.  261 ;  KUtot,  Lt.  (1839), 
J.  A.  S.  B..  Vol.  VIII,  p.  379 ;  OuseUy,  Col.  (1840),  J.  A.  S.  B..  Vol.  VIII. 
p.  1057;  Indian  Review,  Vol  V,  p.  260;  Short,  Dr.  (1866),  Sel.  Rec. 
Ben.  Govt.,  Vol.  IV,  No.  XXIII.  p.  182;  and  Sel.  Reo.  Madras  Govt.. 
No.  XIV;  Temple,  H.  (1861),  Cent.  Prov.  Adm.  B«p.,  1861-62.  p.  124; 
Grant,  C.  (1870).  Cent.  Prov.  Gazetteer,  JW.— Sombalpur  ;  Ball,  r.(1877), 
Reo.  Geol.  Surv,  India,  Vol.  X,  p.  186  ;  The  Same  mm),  Sci.  Proc.  Roy. 
Dub.  Socy. ;  The  same  (1881),  J.  A.  S.  B.,  Vol.  L,  Pt.  II,  pp.  31,  219. 

Chutia  Nag  pub. — Akbamamah  and  Tuztik-uJahangiri  (1616),  Trans,  by  filoch- 
inann,  J.,  J,  A.  S.  B.,  Vol.  XL,  pt.  I,  p.  11 ;  Tavernier  (1665).  Voyages, 
Paris,  1677,  Vol.  II.  p.  308;  Mmtapha  (1768),  Oriental  Repertory,  Vol.  II, 
p.  261,  London,  1808;  Breton,  2>r.  (1826),  Trans.  Med.  and  Phys.  Socy  , 
Calcutta,  Vol.  II,  p,  264 ;  Dalton,  Col,  (1865)  J.  A.  S.  B..  Vol.  XXXIV, 
pt.  II,  p.  13  ;  Hunter,  Dr.  (1877).  Statistical  Account  of  Bengal,  Vol.  XVII, 
p.  190;  Ball,  V.  (1881).  J.  A.  S.  B..  Vol.  L.  p.  39. 

BoNDXLEHAKD  :  PjLKHx.—Hamiltott,  D.  F.  {Buchanan)  (1813),  Edinb.  Phil.  Jour., 
Vol.  I.  p.  49  ;  Hamilton,  W.  (1826),  Descr.  of  HindnsUn.  Vol.  I.  Art.— 
•Tanna,"  p.  326 ;  Pogeon,  Capi.  (1826),  Hist,  of  Boondelns,  Calcutta,  p.  169 ; 
FrawA/»»,  C<ip^  (1827),  Trans,  Roy.  As.  Socy.,  VuL  I,  p  277;  (1829).  As. 
Ee«.,  Vol.  XVIII,  p.  100;  Ja^guemont,  V.  (1830).  Voyage  dana.  L'Inde, 
Tome  I,  p.  399;  Anontfmout  (1833),  Indian  Iteview,  Vol.  in,  p.  119; 
Adam,  Dr.  (1842).  J.  A.  8.  B..  Vol.  XI,  p.  399  ;  Medlicott,  E,  B.  (1860). 
Hem.  Geol.  Surv.  India.  Vol.  II.  p.  65  ;  Schlagentweit  (1869),  Reia.  in  Ind. 
Hocbasien,  Vol.  I.  p.  153  ;  Mallet,  F.  B.  (1871),  Mora.  Geol.  Surv.  India, 
Vol.  Vn.  p-  113,  Ac. ;  Rou*Melet  (1874),  LInde  Des.  Rajahs,  Paris,  p.  441 ; 
AtkinMont  E,  T,  (1874),  N.  W.  P.  Gazetteer,  pp.  98  and  666. 

GRAPHITE  OR  PLUMB-iOO. 

Maobas:  TeaVINCOBK.— CWZ/^n,  Genl.  (1845).  J.  A.  8.  B.,  Vol.  XIV.  p.  64; 
The  Same  (1867),  Madras  Jour,  of  Lit.  and  Sci..  newr  series.  VoL  II, 
p.  296;  Boyle,  Dr.  (1865).  J.  A,  S.  B.,  Vol.  XXIV.  p.  203;  The  Same 
(1856),  Mad.  Jour,  of  Lit.  and  Sci.,  new  series.  Vol.  I,  p.  267. 

KiVCVk  AND  GoDAVABt.— J't»<7,  TT.  (1874),  Reo.  Geol.  Surv.  India,  Vol.  VIX, 
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jab Govt.  Gb2.,  7th  Feby. ;  Verchere,  Dr.  (1867),  J.  A.  S.  B.,  Vol.  XXXVI, 
p.  13  ;  Wynne,  A.  B.  (1870),  Rec.  G.  S.  I.,  Vol.  III.  p.  73.  and  (18/8),  Mem. 
G.  S.I.,  Vol.  XIV,  p.  297;  The  Same  (1880),  Vol.  XVII,  pt.  It,  p.  60; 
Lyman,  B.  S.  (1870).  Report,  Lahore,  and  (1873),  Trans.  Amer.  Phil.  Socy., 
Philadolphift,  Vol.  XV,  new  series. 

KvuAVS— Herbert,  Capt.  (1829),  As.  Res.,  Vol.  XVIII,  p.  230;  Lavder,  A.  (1860), 
Rec.  Gool.  Survey  India,  Vol.  II.  p.  89,  and  (1865),  Vol.  IV,  p.  21. 

AmaM,  &c.-- Wilcox,  Lieut;  As.  Res.,  Vol.  XVII,  p.  415;  Jonet,  Gleanings  in 
Science,  Vol.  I.  p.  282;  GrijTitM  Dr.,  Private  Journals,  Calcutta  (1847), 
pp.  60.  117  ;  White.  Major  (\m7),  J.  A.  S.  B.,  Vol.  VI,  p.  2-13;  Jenkint, 
Capt.  (1838).  J.  A.  S.  B.,  VoL  II,  p.  169  ;  Robinson  (1841),  Assam,  p.  33  ; 
Ltglis  (1841),  Cal.  Jour.  Nat.  Hist,  Vol.  VI,  p.  562;  (1845),  Coal  Com- 
tnittee's  Final  Report,  p.  115 ;  JTannay.  Capt  (18^17),  J.  A.  S.  B.,  Vol.  XVI, 
p.  817;  Mugkes,  T.  W.  R.  (1871).  Rec.  Geol.  Surv.  India,  Vol.  VII, 
p.  55 ;  Mallei,  F.  R.  (1876),  Mem.  Geol.  Surv.  India,  Vol.  XII,  p.  356 ; 
Hunter,  Dr.  (1879),  Statistical  Account  of  Assam,  VoL  I,  pp.  231,  260,  299, 
379 ;  VoL  II.  pp.  340,  427. 

liviLUk.— Bogle.  Capt.  (1841),  Cal.  Jour.  Nat.  Hist,,  Vol.  I,  p.  662. 

AiiA£kV.—Halttead,  Capt.,  J.  A.  S.  B..  VoL  X,  p.  369 ;  Mallet,  F.  R.  (1878),  Rec. 

Geol.  Surv.  India,  Vol.  XI.  p.  211 ;  Burra.  Adm.  Rep.,  1879-80. 
PlGC  AND  TnYKTUYO.— Piddington,  H.  (1833).  J.  A.  S.  B.,  Vol.  XXIV.  p.  709; 
Theobald.  W.,  Rw.  Geol.  Surv.  India  (1870),  Vol.  Ill,  p.  72  ;  (1872),  Vol.  V. 
p.  120;  (1873).  VoL  VI,  p.  70;  (1873).  Mem.  Geol.  Sm-y.  India.  VoL  X, 
p.  346;  and  (1873),  ludiun  Economist,  VoL  III,  p.  191. 
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Uppbb  BvEMX.—S^Me*  (1796),  Bmbassy  to  Ara;  Cox,  CapU  Afc  Bee.,  Vol.  VI, 
p.  127  ;  Christuon,  Dr.,  and  Gregory,  Dr,  (1836),  Edinb.Boy.  Socy.  Trans. 
Vol.  XIII,  pp.  118  and  123,  and  (1835),  J.  A.  S.  B.,  Vol.  IV,  p.  627 ;  YuU, 
Capt.,  and  Oldham,  Dr.  T.  (1856),  Mission  to  Court  of  Ava,  pp.  18  and  316 ; 
De  la  Rue  and  Miiller,  Dr*.  (1866),  Proc.  Roy.  Socy.  Lond.,  Vol.  VIII, 
p.  221 ;  Warren  and  Storer,  Dr$.  (1865),  Mem.  Amer.  Academy,  Vol.  IX, 
new  series,  p.  66 ;  Waldie,  Dr.  (1866),  P.  A.  S.  B.,  pp.  18, 73 ;  Friedlander, 
Dr.  (1874),  Pamph,  Rangoon ;  Strover,  Copt.  (1876),  Indian  Uoonomxat, 
Vol.  V,  p.  14;  Doyle,  P.  (1879),  Pamph.,  OaIcatta»  Stanhope  Press;  TAe 
Same  (1880) ;  Pamph.,  '  Petroleum '  and  its  distillate,  Kerosene,  Brisbane. 
Burma  Adm.  Reports,  1873  to  1880. 

SULPHUR. 

Mjldbab.— JTeyiM,  Dr,  (1814),  Tracts,  p.  187. 

KAMAcm.- Preedy,  Capt,  (1848),  J.  A-  S.  B.,  Vol.  XII,  p.  833. 

Balochistan  axd  Afghanistan. — Drummond,  Capt.  (1841),  J.  A.  S.  B.,  Vol.  X, 
p.  92 ;  Button,  Capt.  (1846).  Cal.  Jour.  Nat.  Hist,  Vol.  VI,  pp.  664^  001 ; 
Ball,  V.  (1874),  Rec.  G.  S.  L,  Vol.  VII,  p.  167. 

Panjab. — Wood,  Lieut.  (1836),  Personal  Narrative  of  Journey  to  Oxns,  p.  146  ; 
Fleming,  Dr.  (1848).  J.  A.  S.  B.,  Vol.  XVII,  pt.  II,  p.'617;  Cunningham, 
Oenl.  (1864),  Ladak,  p.  234;  (1865),  Sel.  Rec.  Punjab  Govt,  No.  12;  Stc 
liexlea.  Dr.,  and  Mallet,  F.  B.  (1866).  Mem.  G.  S.  I..  Vol.  V,  pp.  131.  162  j 
Baden-Powell  (1868),  Punjab  Products,  pp.  19,  20 ;  Lyman,  B.  8.  (1870), 
Report  on  Oil  Lands,  Lahore,  p.  1,  Sup. ;  TheSama  (1873),  Trans.  Amer.  Phil.; 
So^.,  Vol.  XV,  new  series.  Part  I,  p.  13 ;  Wynne,  A.  B.  (1876),  Mem.  GfreoL 
Surv.  India,  Vol.  XI,  p.  293. 

TLvUAVV.—HerheH,  Capt,  (1829),  As.  Res.,  Vol.  XVIH,  p.  229;  Lawder^A,  (1869)» 
Rec.  G.  S.  I.,  Vol.  II,  p.  88. 

Nepal.— JJorfjTMn,  B.  (1867),  Sel.  Rec.  Ben.  Govt,  Vol.  XXVII.  p.  36. 

BvnuA.— Oldham,  Dr.  (1855),  Col.  Yule's  'Mission  to  Court  of  Ava,'  p.  347; 
Strover,  Capt.  (1873),  Gazette  of  India,  and  Indian  Economist,  Vol.  V,  p.  14. 

Baebew  IshAHD.-Liebig,  Dr.  (1860),  J.  A.  S.  B.,  Vol.  XXIX,  p.  8;  Ball,  V,  (1873), 
Rec.  G.  S.  I..  Vol.  VI  (1873),  p.  81 ;  and  Geol.  Mag.,  Dec.  2,  Vol.  VI,  p.  1. 

MOLYBDENUM. 
Loc  ?.    Prinsep,  J.  (1836),  J.  A.  S.  B.,  Vol.  IV,  p.  514. 

ARSEJJIC. 

Punjab. — Calvert,  J.  *  Kulu,'  p.  77. 

KCMAUN.— 2Vat7/,  G.  W.  (1832),  As.  Res.,   Vol.  XVII.  p.  17;  Lawder,   A.  (1869). 

Rec.  Geol.  Surv.  India,  Vol.  II,  p.  88;  Atkinson,  E.  T.  (1877),   Ecoaomio 

Geol.  of  Hill  Districts,  pamph.,  Allahabad,  p.  31. 

BISMUTH. 

Bengal.— -S^aAr.  Dr.  (1870),  Rec.  G.  S.  L,  Vol.  Ill,  p.  07. 
Punjab,  HlkvDi.— Calvert,  J.,  'Kulu,'  p.  11. 
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A^NTIMONY. 

}>]  AVE A8.— Clarke,  Dr.  (1830),  Mfwlras  Jour,  of  Lit.  and  Sci.,  Vol.  K,  p.  12 ;   Kehall, 

J.    (1872).    Bellary  Di.strict  ManuBl,   p.   05  ;     Carmichacl,   D.  F,  (1809), 

Vizagapntam  District  Mmtual,  p.  155  ;    BulTour,  Dr.  (1871).  Ojclopsedi*, 

Art. — Autimony. 
BiNOiL.— Pi'rf«fin^/o«,  IZ.  (1842).  J.  A.  8.   B.,  Vol.  XI.  p.  892;  The  Same  ilg43). 

Op.  cit..  Vol.  XII..  p.  737  ;  The  Same  (18.U),  Oj>.  cit..  Vol.  XIV.  p.  65  ;  2^ 

Same  (18-15).  Op.  cit..  Vol.  XV,  p.  84. 
UAJPVTkHk.-Saunderf,  L.  S.  (1874),  Scl.  Rec.  Qovi.  India.  Vol.  CTXII,  p.  47- 
BaIocuistaw  a>-d  AfOHAKiSTAN. — Lord,  Dr.  (1838).  J.  A,  S.  B.,  Vol.  VII,  p.  536  ; 

Drummcnd,  Cctpt.  (1842).  J.  A.  S.  B.,  Vol.  X,  p.  92  ;  Mutton,  Capt,  (1846), 

Cid.  Jour.  Nat.  Hist..  Vol.  VI,  p.  699. 
Kashmib.— Zaic,  Major  (1857),  Modnw  Jour  of  Lit.  and  8d.,  Vol.  XVII,  p.  266 ; 

Baden.PoweH  (1868).  Punjab  Products,  p.  11. 
FvnjjLB.^Uarcadiev,  M.  (1867),  Madras  Jour,  of  Lit.  and  Sci.,  Vol.  XVII,  p.  254 ; 

Mallet,  F.  S.  (1866),  Mem.  GeoL  Surv.  Indi»,  Vol.  V,  p.  165 ;  Caltrerf,  J 

•Kulu,'  p.  61 :  Baden-Poicdl  (1868), '  Punjab  Products,*  p.  11. 
BrEiijL.— i^o/<y,  Capt.  (1836)^  J.  A.  8.  B..  Vol.  V.  p.  272  ;  Ma«on,  Rev,  F.  (1850), 

Natural  Productions  of  Burmah.  p.  49 ;  (1880),  British  Burma  (Jazetteer, 

Vol.  1,  p.  65. 

PLATINUM. 

Mai>bas,  MTB0BB.^5i>f,  L.  (1877),  Mysore  and  Coorg  Qaiettwr,  Vol,  I.  p.  18. 
Bengal  :  l\ix>viLPVU,—Piddington,  H.  (1855),  J.  A.  S.  B.,  Vol.  XXIV.  p.  251. 
Bombay:  Dhabwab.— iV^wAoW,  Capt.  (1843),  Jour.  Roy.  As.  Soc..  Vol.  VII,  p.  206; 

and  (IS^IS),  J.  A.  S.  B..  Vol.  XIV,  p.  291. 
WvskB.—FUmiHf),  Dr.  (18.i9),  J.  A.  S.  B..  Vol.  XVIII,  p.  682 ;  Buden^Pofoelt, 

(1808),  Punjab  PixKluots.  p.  14  ;   Wjfnne,  A.  B.  (1878).  Mm.  G.  S.   I.,  Vol 

XIV,  p.  27  ;  and  (188<>).  Op.  cit..  Vol.  XVII.  p.  96. 
AsBAU.— Oldham,  Dr.  T.  (186I>),  Mem.  G.  S.  I..  Vol.  I,  p.  91. 
BuHWk.— Oldham,  Dr.  T.  (1852).  Sel.  Rec.  Bengal  Uort..  No.  VI,  p.  38. 
Uppbb  Bubma.— Pri«je/J,  J.  (1829).  As.  Res.,  Vol.  XVIII.  Pt.  II.  p.  270  ;  The  Same 

(1831),  Gleanings  in  Science,  Vol,   111,    p.   39;    The  Same  (18,32).  J.  A- 

S.  B.,  Vol.  I,  p.  16;  (1834),  J.  A.  S.  B..   Vol.  III.  p.  a)7 ;  Theobald.    W, 

(1873),  Records  G.  S.  I..  Vol.    VI,   p.  95 ;    Sirover,  Major  (1876),   Indian 

Eoonomist,  Vol.  V,  p.  14. 
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ill khVLxn.— Fitzgerald,  Oenl.  (185S),  Engineers*  Journal,  Calcutta,  Vol.  I,  p.  377. 
Afghanistan.— DrwOT»non(/,  Capt.  (1841).  J.  A.  S.  B..  Vol  X,  p.  91 ;  Huttott,  Capt. 

(1S46).  Cal.  Joui.  Nut,  Hi*t.,  Vol.  VL  p.  600. 
Andaman  IsLKVVi.—JIamtlton,   Capt.  (1727).   New  Aoiount  of  the   East  Indies, 

Vol.  II,  p.  66;    Tretnevheerc,  Capt.    (18-41).   J.  A.  8.  B.,  Vol.  IX,  p.  973 ; 

Mouat,  Dr.  (1863),  Adventures  and  Rew-Hrcbes  among  the  Andaman  Islands, 

p.  15  i  Ball,  r.  (1870),  J.  A.  S.  B..  Vol.  XXXIX.  p.  23«;  and  (18Rli,  P.  A. 

S.  B.  p.  110. 
iiPB».—Maleolmton,  Dr.  J.  P.  (l8-t3),  J    A.  8.  B„  Vol.  I.  p.  341. 
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GOLD. 

Ikdu.— Ji/ooJ,  W.  0832),  PreciooB  MetAl»,  Philadelphia,  pp.  24,  374;  Burr,  J^. 
(l^iO),  Madiaa  Jour,  of  Lit.  and  Sci,  Vol  XII,  p.  30 ;  (1855).  Mining  Jonrual. 
Vol.  XXV,  pp.  509, 519, 535  ;  Blake,  W.  P.  (1867),  United  States  Commission 
Rep.  on  Paris  Exposition,  Vol.  11,  p.  105  ;  Balfour,  Dr.  (1871).  CTt"lopiedia» 
2ndEdn.,  ^r/.— Gold;  Daniell,  C.  Jl  (1879).  "  Gold  in  the  East,"  SlraLan, 
London  ;  Ball,  V.  (1880).  Sci.  Proc.  Boy.  Dub.  Socj  ;  EaHunck,  E.  B.  (1880), 
Gentleman  «  Magazine,  Janatry  j  Clarke,  U^/ds  (1881),  Lectare,  Jour.  Sooy. 
Arts,  Feby.  18. 

Mbtxllcrot  of  Gold. — Ain-i-Akhari,  lOthCentnry,  Vol.  L  ;  Blodimnnn'u  Trans., 
Vol.  I.  pp.  8,  11 ;  Campbell  Dr.  (1831),  J.  A.  S.  B..  Vol.  UI,  p.  022 ; 
Nffwhold,  Capt.  (1843).  Jour.  Boy.  As.  Soo.,  Vol.  VU,  p.  203;  P«vy.  Dr. 
(1880).  MeUllurgy.  pp.  376-379. 

Madras-— -^tfareo  Polo  (I3th  century),  Travels*  edited  by  Col.  Yule,  Vol.  11,  pp.  276 
and  284;  AinttU,  Sir  W.  (1813),  Materia  Modica*  Madras,  p.  64;  KetcbolJ, 
Cfli?^  (1842),  Jour.  Roy,  Aa.  Socy.,Vol.  VII,  p.  303;  (1877),  Madras  SUnding 
Information,  Administration  of  Madras,  p.  240  ;   The  Same,  1870,  p.  226. 

TbavaNCOBB. — (1S81),  Letter  to  Dewan  of  Travanrore,  dated  Mnrch  14,  1881. 

Maddba.— A/tt«»y.  -R*"*  ^'  (1856),  Madras  Jour,  of  Lit.  and  SoL,  Vol.  XVII,  p.  101 ; 
Nelton.  J.  H.  (1868).  Madura  Manual,  p.  30. 

Salbm.— iTe^wf.  Br.  (1802),  Tracts,  p  343';  Campbell,  Capt,  (1842),  Oal.  Jour.  Nat. 
lliat..  Vol.lL,  p.  281. 

MalaBA-B,  ihcludino  Wtnaad.— P/iflv(77),  Hist,  Nat.,  Book  VI.  Cap.  20  ;  Bucha- 
nan, H.,  Br.  (1801),  Journey  through  Mysore,  &<?.,  London,  Vol.  II,  4-11  ; 
Young,  G.  S.  (1827),  Med.  and  Phys.  Socy.,  Calcutta,  Vol.  IV,  p.  48 ;  Babcr, 
(1830)  ;  ParliHincntary  Evidence,  Houne  of  Lords,  ordered  to  be  printed, 
April  2nd  ;  N'tcohon,  Li.  (1831-1833),  Reports  and  other  papers  reprinted  as 
Appendix  to  Report  by  Brough  Smyth  on  Wynnad,  &c.,  Loud.  1880,  and 
(1834)  Madras  Lit.  Gazette;  (1834),  Mechanics'  Magazine,  p.  43 ;  Clarke 
Dr.  (1839),  Madras  Jour.  Lit.  and  Soi.,  Vol.  IX,  p.  120 ;  also  (1847).  Madran 
Jour,  of  Lit.  and  Sci.,  Vol.  XIV.  p.  154;  Eing,  W.  (1875),  Bee.  Gcol.  Surv. 
India,  Vol.  VIU.  p.  29;  (1878).  Vol.  XI,  p.  235  :  Brougk  Smyth,  R,  (1880). 
Report  on  Wynaad,  Her  Majesty's  Stationery  QfTice,  London;  Pegler,  Q. 
(1880),  Mining  Journal,  Vol.  L,  Jany.  17.  p.  67:  Anouymout,  Op.  cit., 
pp.  1027, 1233.  12.53,  1327. 1341.  1346,  Ac;  Eyan,  Jer.  (1881), Gold-mining 
in  India,  Paniph.,  Lond.,  Kensington  and  Co. 

Mtsobb.— TTitrrfrt,  Lt.  (1802),  J.  A.  S.  B.,  Vol.  Ill,  p.  463  ;  ffeyne,  Dr.  (1814), 
Tracts.  London,  p.  4-1 ;  Clarke,  Dr.  (1839),  Madras  Jour,  of  Lit.  and  Sci.,  Vol. 
IX,  p.  120;  Drt.  Orr  and  Hunter  {IS7 1),  Indian  Economist,  Vol.  II, p. 2 10, 
Mysore  Adm.  Reps.  (1868-69),  p.  4  of  Betums;  (1870-71),  App.  Ill,  F.  ; 
(1871-72),  App.m,  F.;  (1872  73),  p.  112  ;  (1873-74),  p.  81;  (1874-75).  p.47  j 
Rice,  L.  (1876).  Vol.  II,  pp.  142,  193.  and  (1877),  Mysore  and  Coorg  Gazet- 
teer, Vol.  I,  pp.  17,  34  ;  (1880).  Mining  Journal,  Vol.  L,  pp.  924  and  960. 

hihtkUY.—Bal/our,  Dr.  (1871),  C^'clopsBdia,  ^rr— Gold. 

Hypbbabad  oa  Nizam's  TunnnotiT.— Dairy mple  (1808),  Oriental  Repertory,  Vol. 
II,  p.  472;  Ainslie,  Sir  W.  (1813),  Materia  Medica,  p.  64;  W  alktr.  Dr. 
(1850),  Journal  of  Lit.  and  Sci.,  Vol.  XVI,  p.  183  ;  ATta^,  W.  (1881),  Mom. 
Geol.  Surv.  India,  Vol.  XVIII,  p.  109. 
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XizkOAPkTkU,—  Ba^out,  Dr,  (1871),  Cyclopfledia. 

Osissa:    Dhrnkana.!.  Sjk-n.— Stirling,  A.  (1825),  Aaiatic  Researches,  Vol.    XV,  p. 

179  ;  Hunter,  W.  W.  (1877),  Statistical  Account  of  Bengal,  Vol.  XIX,  p. 

203. 
Talchib  State,— Owe/ay.  Col.  (1839),  J.  A.  8.  B.,  Vol.  VIH,  p.  1068;  Blanford, 

W.  T.  and  H.  Fn  and,Theobald,  W.  (1869),  Mm.  GeoL  Surv.  India,  Vol.  I, 

p.  88. 
BbnoaX:  MiDNAPUR  DiarRicT.—Piddinjton,  H.  (1856),  J.  A.  S.  B.,  Vol.  XXIV.  p. 

250 ;  Hunter,  W,  W,  (1876),  Statiiitical  Aocouot  of  Bengal,  Vol.  Ill,  pp.  39, 

149. 
Masbhcm   District.— i?a//,    K   (1860),  Reo.   Geol.   Surv.    Ind.,  Vol.  IT,   p.  11; 

Hunter,  W.  W.  (1877),  Statistical  Account  of  Bengal,  Vol,  XVII,  p.  269. 
8ii«0HBHUM  District.— i?«>ite^,  H.  (1854).  Sel.  Rec.  Ben.  Govt,  No.  XVI,  p.  78 ; 

Hauffhtm,    Col.  (1864),   J.  A.  S.  B„  Vol.  XXIII,  p.  110;   Stahr,  Vr.  E. 

(1800),  Viei-tel.  der  Nat.  Q&f^,  in  Zurich,  V,  p.  353  ;  Ball  r.(1869),  Rec.  GeoU 

Surv.  India,  Vol.  II,  p.  11  and  Menu    G.  8. 1.  Vol.  XVUI,  p.  80 ;  Hunter, 

W.  W.  (1877)  ,  Statistical  Account  of  Bengal.  Vol.  XVII,  p.  23. 
LoHAiDAOA  DisTBicT.— 22»c/t»«#,  H.  (1865),  Sel.  Rec.  Ben.  Govt.,  Vol.  IV,  No.  XX, 

pi.  3,  p.  1. 
BoKAi  State— ITun^tfr,   IT.   W.  (1877),  Statbtioal  Account  of  Bengal,  Vol.  XVII, 

p,  167. 
BiBorjA  Statb.— 0«*.f%,  Col.  (1848),  J.  A-  S.  B.,  Vol.  XVII,  p.  65. 
[Gauopub   Statb.— J?#"e^»,   Surgeon  (1826),  Medico-Topography  of  Ceded  Dlstricta, 

Calcutta;  Hunter,  W.  YF:  (1877),  St4tistical  Account  of  Bengal,  Vol.  XVII, 

p.  190. 
Jashptb  Statb.— 0««*/*y.  CoL  (1847).  J.  A.  8.  B.,  Vol.  XXIII,  p.  110;  Haughton, 

Col.  (1854), /*/«w,  Dalton,  Oenl.  (1866),  J.  A.  S.  B.,  Vol.  XXXIV,  pt.  2. 

p.  13  ;  Hunter,   W.   W,  (1877),  Statistical  Account  of  Bengal.  Vol.  XVII, 

p.  202. 
Udbpub  State.— Oit#«%,  Col.  (1847),  ,T.  A.  S.  B.,  Vol.  XXUI,  p.  110;  Dalton, 

Oenl.  (1866).  J.  A.  S.  B.,  Vol.  XXXIV,  pt.  2,  p.  22. 
CXMTBAL  PbOTIKCBS,  SaMBALPUB  D18TBICT. — Outeley,  CoL  (18.39).  J.  A.  8.  B.,  Vol. 
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Pruv.  (1861-62).  p.  124. 
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B.  C),  Plin^  (77  B,  C),  Book  VI,  Cap.  XIX ;  Marco  Polo  (13lb  oentnry). 
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India,  p.  23 ;  Smith,  D.  (1857),  Report  on  the  Singrowli  and  Karharbori  ooal- 
fields. 
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Palamow.— PWM«ep,  J.  (1842),  J.  A.  S.  B.,  VoL  XI,  p.  830 ;  Ball,  V.  (1878),  Mem. 
Geol.  Surv.  India,  Vol.  XV,  p.  125. 
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Nabsinghpur.— ^aW,  V.  (1874),  Rec.  GeoL  Surv.  India,  Vol.  VII,  p.  62 ;  (1873-74), 
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Punjab  Salt  Ranok,— ^«»««<7,  Dr,  (1853).  J.  A.  S.  B.,  Vol.  XTI,  p.  257 ;  Thsobmtd, 
W,  (1854),  Op.dt.,  Vol.  XXIII,  p.  661;  Wynw,  A,  B.  (1880),  Meiu.G.  S.  I., 
p.  91. 
Siuuvi.—Blane,  Capt,  (1823),  Trans.  Roy.  As.  Socy.,  Vol  I,  p.  61. 
KuLU. — Calnert,  J.,  '  KuIq.' 

KuMAUH  AND  G kJLKW AL.—Rcrberf,  Capt  (1829),  As.  Res,,  Vol.  XVITI,  p.  239; 
irChlland,  Dr.  J.  (1835),  Geology,  Ac.,  of  Kemaon,  p.  im  \  Drummmd, 
Capt.  (1838),  J.  A.  8.  B.,  Vol.  VII.  p.  93-1;  and  Indian  Reriew.  Vol.  HI,  p. 
632;  0/a*/Vrrf,X<.^.(1839).  As.'Ros..  Vol.  VIII.  p.  471  ;  LusMrigton,  O.  T. 
{1843),  Op.  fi7..Vol.  XII,  p.  463;  Bekendorf  .Sif^mund  \{IK^),  Op.  fit, 
Vol.  XIV.  p.  471;  Berkett  J-  0*5.(1850).  Sel.'Rec.N.  W.  P..  Vol.  II. 
p.  67;  Drummond,  Capt.  (1861),  Ex.  from  Panj.  Corre«p.,  N.  W.  P.,  new 
•erioH.  Vol.  Ill,  p.  22;  Henioood,  JT.  J.  (1856),  Sol.  Rec.  Govt  of  India. 
Vol.  VIII;  Barratt,  J.  (1866),  Vol.  XVII,  p.  61;  Lateder,  A.  (l8(Ji), 
Rec.  G.  8.  I.,  Vol.  II.  pp.  87.  88.  93;  Atkinton,  E,  T.  (1877).  Economic 
Mineralogy  of  the  Hill  Districta,  Allababad,  p.  20. 
Nepal.— ir«(/JOi»,  B.  (1833),  J.  A.  8.  B..  Vol.  11.  p.  96;  Piddingion,  R.  (1854),  J. 
A.  S.  B.,  Vol.  XXIII,  p.  170;  Jamet,  Capt.  (1850).  Letter  to  Secy,  of  Govt 
Bengal,  dated  23rd  June  ;  Vide  Mem.  Geol.  Surr.  India.  Vol.  XI,  p.  94. 
T>k^3n.l»Q.—  CamphtU,  Dr..  and  Piddington,  JI.  (1864),  J.  A.  8.  B.,  Vol.  XXIII. 
pp.»206  and  477  ;  and  (1855).  Op.  cit..  Vol.  XXIV,  pp.  251  and  707  ;  (1866), 
Op.  cit.  Vol.  XXV,  p.  363 ;  Jamet,  Capt..  and  Taylor,  T,  (1850),  Letter  to 
Sec,  Govt  Bengal,  dated  23rd  June;  Biat^ord,  H.  F.  (1861),  Percy's 
Metallurgy, p.  387  ;  AfaUift  F.  S.  (1875).  Meui.  Gcol.  Survey,  Vol.  XI,  p.  69; 
and  Stat  Ac.  Ben..  Vol.  X,  pp.  142-162. 
A»aAU,S0bin4(m,  W.  (1841),  *  Assam.'  p.  35. 
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MktdPVB.—Juhnitone,  CoL  UhZi*),  Kec.  (iwl.  Surv.  India,  Vol.  XII,  p.  138- 
BuBMA :  A^AKxs.—PiJdinffton,  H.  (1843),  J.  A.  S.  B.,  Vol.  XIT,  pp.  333,  90*. 

Oil,  lOM  ;  Mallei,  F.  R.  (IR7S).  Rcc.  G.  S.  I.,  Vol.  XI.  p.  222. 
Tkvassbbim.— ifaxon.  Btv.  F.  (1850),  Natural  Prodoction*  of  Barmah.  p.  9S ;  O'RiUjf, 

^.  .and   Oldham,   Dr.   T.   (l«fil).  8«l.  Reo.  Ben.  Govt..  No.  VI,  pp.  27.  35  ; 

Waldie,  Dr.  (1870),  P.  A.  8.  B,.  p.  279 ;  Frjfar,  M.  (1873),  Letter  to  the 

CommjBBJoner,  TenasMrira  DiriaioD  ;  Tieohald,  W,  (1873),  Reo.  Oeol.  Surv. 

India,  Vol.  VI,  p.  &3. 
Uppbb  BrBMA. — Oldham,  Br.  (1855),  Tnle*»   EmbaBBy  to  Ara,  p.  346 ;  trover. 

Major  (1875),  Indian  EoonomiBt,  Vol.  V,  p.  14. 

LEAD. 
AUdbaa  :  Kadipah  Dmtbiot.— //eyne.  Dr.  (1814),  Tmcts,  p.  316  ;  Nnt^old,  Capt 
(1843),  Jour.  Roy.  As.  Soc.,  Vol.  VII,  p.  215;  Wall,  P.  W.  (1858).  Ma/lmp 
Jonr.  of  Lit,  and  Sci.,  Vol.  XX,  pp.  279  and  289;  King,  W.  (1872), 
Mem.  G.  S.  I.,  Vol.  VHT,  p.  273  ;  GrihhU,  J.  D.  B.  (1875).  Dial.  Manual, 
p.  2(1;  Standing  Information  (1879),  Madras. 

Kabnul  DisTBiCT.— iVwWrf,  Capt,  (18*K?),  J.  A.  S.  B.,  Vol.  XV,  p,  389 ;  and  (1M7). 
Vol.  XVI,  p.  1134;  Wall,  P.  W.  (1858),  Madras  Jour,  of  Lit.  and  Sci.. 
Vol.  XX.  p.  285 :  King,  W,  (1872),  Mem.  G.  S.  L,  Vol.  VIII,  p.  272, 

Palhad  Distbict.— ir»M^,  W,  (1872),  Mem.  G.  S.  L,  Vol.  VUI,  p,  271. 

Bbllabt  Distbict.— JTff/^a//,  J.  (1872),  District  Manual,  p.  95, 

BbnoaI  :  Makbhum  Distbict.— ^a//.  r.  (1869),  Rec.  G.  8.  L.  Vol.  III.  p.  74 

HAZABiBiOH  DiSTBiCT.— i^awtf*,  — (1778),  J,  A.S.B.,  Vol.  XII. p.  664;  Brefan,  Dr. 
(1826),  Med.  Top.  of  Ramgorh,  &c.;  Trans.  Med.  and  Phyi.  Socy.,  Calcutta, 
Vol.  II,  p  261 ;  Piddington,  H.  (1843),  Vol.  XI,  p.  892 ;  (1843),  Vol.  XU, 
p.  737 ;  (1845),  Vol.  XIV,  p.  65 ;  (1816),  Vol.  XV.  p.  64 ;  Mallei,  F.  S. 
(1874),  Rec.  G.  8.  U  VoL  VH,  pp.  34.  43 ;  Ball,  F.  (1878),  Mem.  G.  8, 1.. 
Vol.  XV,  p.  125.  ^^ 

SiBOUJA  BiifTuicr.—Dalton,  F.  T.  (1865),  J.  A.  S.  B.,  Vol.  XXXIV,  pt.  II,  p.  -t8; 
Mallei,  F.  i?.  (1872),  R«c.  G.  8.  I..  Vol.  V,  p.  23 ;  Qri^»baeh,  C.  L,  (1879). 
Mem,  G.  8.  I.,  Vol.  XV,  p.  138. 

Bhaoalpub  Division, — Jonet,  8.  (1829).  Gleanings  in  Scieoctu  Vol.  I,  p.  282 ;  Sher- 
Mcili,  Capt.  (1830).  Friend  oflndia,  Feby.  28th;  Martin,  M.  (1837),  Eastara 
India,  Vol.  II,  p.  188;  McClelland  (1848),  Report  on  the  Geological  Survey, 
p.  32;  Shertcell,  Capt.  (1848),  J.  A.  8.  P.,  Vol.  XVII.  p.  341.  and  Geological 
Map  of  Ifehar ;  Piddington,  H.  (1851 ),  J.  A.  S.  B„  Vol.— XX,  p.  7  ;  Sheneiil, 
Capt.  (1852).  J.  A.  8.  B.,  Vol.  XXI,  p.  206  ;  Barratt,  J,  (1856),  Report  to 
Mesfrs.  Mackcy  &  Co;  Hunter,  Dr,  W,  W.  (1877),  Statistical  Account  of 
Bengal,  Vol,  XV,  p.  31. 

Cbktbal  Pbovibck*  :  Sambalpcb  DiaxBicT,— I?a//,  F.  (1877),  Beo.  G.  8.  I„  VoL  X 
p.  191. 

Baipcb  Dibtbict.— OW^ttw,  Dr.  (1867),  Rec.  G.  8, 1.,  Vol.  I,  p.  37 1  and  (1868),  Vol. 
n,  p.  101 ;  Blanfitrd,  W.  T,  (1869),  Vol.  lU,  p.  44;  BalU  F.  (1877).  Op.  e%U 
Vol.  X,  p.  186. 

Naoptjb  DiBTRiCT.— JW»*i»#,  Capt,  (1829),  As.  Bee.,  Vol.  XVIII,  p.  198. 

HoBHAKOABAD  DiBTBicT.— AicAoi/*,  Q.  T.  (1879).  Re(^.  G.  S.  I.,  Vol.  XII,  p.  174,, 

Bbwa  a»d  Br»DBLK h and.— P*ar*on.  Cajt,  (1860),  Report  on  Mundia,  p.  22, 
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IUjputana  :  Ajmib  jlnd  ALYnn.^DixoH,   Capt,  (1831),  Gleanings  in  Science,  Vol. 

Ill,  p.  Ill ;  Latouche,  J.  D.,  Ajmir-Merwana  Giizetteer,  p.  7  ;  Hixfket,  C 

(18W),  Uec.  G.  S.  L,  Vol.  XIII,  p.  2A1. 
Bombay  :  Puich  Mkhals  Distbict,  Gcjabat. — Bombay  Gazetteer,  Vol.  VIT,  p.  19. 
BALOCHiBTAiff.— i?oyrf,    Capt.  (1839).   Trana.  Bomb,   Geol.  &x^j.,  Vol.  II,  p.   SOt ; 

Lemeturier,  Mqjor  (1844),  Jour.  Bomb.  A«.  Socy.,  Vol.  II,  p.  lOt* ;  Hughes, 

A.  W.  (1H77).  The  Country  of  Balochistan,  Load.,  G,  Bell  and  Sous,  p.  81. 
AFOHANisTAJf.— Xorrf,  Dr.  (1837),  J.  A.  S.  B.,  Vol.  VU,  p.  633  ;  Hutton,  Capt.  (1846), 

Cal.  Jour.  Nat.  Hist.,  Vol.  VI.  p.  599. 
Vvvik-B.^Hcrhcrt,   Capt.  (1820),  As.  Rec,  Vol.  XVIII,  p.  266  ;  andCorbyn's  Indian 
lU.view,  Vol.  11,  p.  349  ;  Flemimf,  Dr.  (18.16).  J.  A.  S.  B.,  Vol.  XVII.  p.  607  ; 
and  Vol.  XXn,  p.  256  ;  Bowring,  L.  (18-48),  Vol.  XIX,  p.  50 ;  MedHcoli,  H, 

B.  (18fi5),  Mem.  G  8.  I.,  Vol.  ni,  p.  179;  Mallei,  F.  S.  (1866),  Idem.  Vol, 
V,  p.  165 ;  Calvert.  J.,  Kuhi.  T^nd..  Spon.  pp.67.  70.  73,  74,  75.  77 ;  Wjfnne, 
A.  B.  (1878),  Mem.  G.  8. 1.,  Vol.  XIV,  p.  300 ;  Baden- Powell  (1868),  Punjab 
Products,  pp.  11  and  12. 

Nobth-VTkst  Pboviwcbs  :  EuifAtTV  andGabitwal. — Herbert,  Capt.  (1838).  Vol.  II, 
p,  349;  Laicder,  A,  (1868),  Rec.  Geol.  Surv.  India.  Vol.  II.  p.  88;  AtkintoH, 
E.  7.  (1877),  EcoDonito  Geology,  of  Hill  States,  pamph,  Allalmbad;  Barratt, 
J,  (1856),  Sel.  Rh;.  Govt.  India,  Vol.  XVII,   p.   74. 

Dabjilino.— Jfa//tf/,  F.  R.  (1876).  Mem.  G.  S.  1.,  Vol.  XI,  p.  83. 

h&skU.'-Primep,  J.  (1833).  J.  A.  S.  B.,  Vol.  II.  p.  438;  Bobinton,  W,  (1841),  De- 
scriptive Account  of  Assam,  p.  36  ;  Ptddington^  H.  (1861).  J.  A.  8.  B.,  Vol. 
XX,  p.  366. 

Bitbha:  Tekassebim.— Adm.  Rop.,  Bi*it.  Banna,  1861-62,  p.  93;  Theobald,  W. 
(1873),  Reo.  Geol.  Surv.  India,  Vol.  VI,  p,  93  ;  Fryar,  M.  (1874),  Reports,  vid^ 
Indian  Econ«^roi«t,  Vol.  V,  p.  41. 

Uppib  BiiBMA.—  0/rf*a»i,  Dr.  (1866),  Yule's  Embassy  to  Court  of  Ava,  p.  3*55; 
Feddcn,  F.  (1855).  Sel.  Rec.  Govt,  of  India,  Vol.  XLIX,  p.  39 ;  Anderton, 
Dr..  J.  (1871),  Expedition  to  Ynnan,  pp.  173,  217,  220,  328;  Strover, 
M(n;'or  (1874),  Gazette  of  India  and  Indian  Economist,  Vol.  V,  p.  39 ;  Doi^fft 
P.  (1879).  Contiibulion  to  Barman  Mineralogy,  pampb.,  Calcutta. 

ZINC. 

Madbas:  Maduba— ^4i/M/itf,  Sir  W.  (1813).  Materia  Medica,  p.  68. 

KARHVL.—Afallet.  F.  B.  (1881),  Rec.  Geol.  Surv.  India,  Vol.  XFV,  p.  196. 

RaJPUTaKA  :  JaWaB.— Tbrf,  Col.,  Rajastban,  Vol.  I.,  p.  604,  vote;  Brooke,  Capt.  J. 
a  (I860),  J.  A.  S.  B.,  Vol.  XIX,  p,  212  ;  Balfour,  Dr.  (1873),  Cyclopwlia, 
Art. — Zinc. ;  Anomjmous  (1879),  Rajputana  Gazetteer,  Vol.  I,  p.  15» 

Afohanistak.— Zorrf.  Dr.  P.  B.  (1838),  J.  A.  S.  B.,  Vol.  VII,  p.  536, 

Punjab  :  ^mQVU.—Mallet,  F.  R.  (1864).  Mem.  G.  S.  I..  Vol.  V.  p.  166. 

SiHMUB.— J/crf/iro«.  H.  B,  (184^.5),  M»»m.  G.  8.  I.,  Vol.  VT.  p.  179. 

Bubma. — Mason,  Beo.  F.  (1850),  Natural  Productiona  of  Burma,  p.  48, 


TIN. 

BE5GAL:  Hazabivagh  Distbict — M'Celland,  Dr.  (1849),Rei)ort  on  tbe  Geological 
Survey  for  season  1848-49 ;  Malht,  F.B.  (1874).  Rec.  Geol.  Surv.  India,  Vol. 
Vir  pp.  36,  43. 
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BoMBiT :  Dhabwaji  Distiwot.— Jbo^tf,  B,  B.  (1874),  Rec.  Geol,  Sanr.,  India,  Vol.  VII, 
140. 

BrBMA.— i?o«,  D.(1B29),  Gleanrnga  in  Science.  Vol.  I.,  p.  143;  Lone,  Capt.  (1836), 
Jour.  Roy.  As.  8ocy.  Vol.  Ill,  p.  25 ;  HeJfer,  Dr,  (183SF).  Rep.  on  Provs.  of 
Ye.,  Tavoy,  and  Mergui,  p.  20 ;  Tremenheere,  Capt.  (1841),  J.  A.  S.  B.,  Vol. 
X,p.  845.  Reprinted  Sel  Rec.  Ben.  Govt.,  No.  VI,  1862;  The\Same  (IS-ia),  J. 
A.  8.  B.,  Vol.  XI,  pp.  24.  289, 839 ;  The  Same  (843),  Op.  ciL,  Vol.  XII,  p.  623  ; 
Anontftnoua  (1842),  Cal.  Jonr.  Nat.  Hist., Vol.  II,  p.  360 ;  IVctti«iA««m,  Capt. 
(1843),  Op.  ci7..  Vol.  Ill,  P..47  ;  The  Same  (1843).  J.A.S.B.,  Vol.  XIV,  p.  329 ; 
i?o.y/<f,  Dr.  (18-13),  Proc.  Geol.  Socy.,  London,  Vol.  IV,  p.  166  ;  ifa9on,Sev.  F. 
(1860).  Natural  Productions  of  Burma,  p.  43;  O Riley,  E.,  and  Oldham,  Dt'.  T. 
(1851),  Sel.  Rec.  Ben.  Govt.,  No.  VI;  Oldham  Dr.  T.  (1855),  Misiion  to  Ara 
by  Cd.  Yule,  p.  346 ;  Th4i  Same  (1855),  Sel.  Rec  Govt.  India,  Vol.  X,  p.  66, 
O^Biley,  E,  (1864),  Letter  to  the  Commissioner  of  Tenasserim ;  Anonymous 
(1872),  Indian  Economist,  Vol.  Ill,  p.  177  ;  Fryar,  M.  (1871).  Letter  U>  Sec 
Chief  Comr.,  British  Burma,  vide  Indian  Economint,  Vol.  IV,  p.  43  (1873) ; 
Gazette  of  India  and  Indian  Economist,  Vol.  V,  p.  14;  Theobald,  IT. 
(1873),  Rec.  Geol.  Surv.,  India.  Vol.  VI,  p.  91 ;  Adm.  Reps.,  Brit.  Banna, 
1869  to  1879  inclusive  j  Dcyle,  P.  (1879),  Pamph.,  Calcutta  Stanhope  Vnm. 

TITANIUM. 

BiHOAL :  Manbhitm.— ^a//,  V.  (1881),  Mem.  Geol.  Surv.  India,  Vol.  XVUI,  p.  43, 
RiJTVTAV A.— Racket,  C.  (1880),  Rec.  Geol.  Surv.  India,  Vol.  XIII,  p.  2*10. 

COBALT. 

Rajtutava. — Soileau,  Capt.  (A.  E.)»  1831,  Gleanings  in  Science,  Vol.  Ill,  p.  3S0; 

MiddleUrn,  J.  (18^15),  Proc.  Chem.  Socy.,  Vol.  Ill,  p.  39 ;  and  (1846),  Plul.  Mag,. 

Vol.  XXVIII,  p.  352 ;  Piddintfton,  H.  (18.18),  J.  A.  S.  B.,  Vol.  XVH,  p.  ICS ; 

AnonyntoMti  (1862),  Engineers'  Jour.,  Vol.  VT,  p.  29 ;  Brooke,  Colonel  J.  C- 

(1864).  Op.  rit..  Vol.  XXXIII.  p.  624,',Blanrord,  W.  ?:(18C5).  Op.  fit.,  Vol, 

XXXIV,  pt.  IT.  p.  194;  Mosn,  Major  W.  A.  (1873).  Proc.  Roy.  As. Socy.,  Vol. 

XXI,   p.   292;    Anonymout   (1879),  Rttj|)utaua   Gazetteer,  Vol.  I,   p.  16; 

Hacket,  a  (1880).  Rec.  Geol.  Surv.  India.  Vol.  XIII,  p.  2-44;  Mallei,  F.  B. 

(1881),  Op,  cit„  Vol,  XIV,  p.  191. 
BcBMA  :  IIbkzai  is  Tekabsbhim.— TAtfoAa/i/  (1873).  Rec.  G.  8.  L.  Vol.  VI,  p.  9(^. 

NICKEL. 
nkJVvr^Kk.—naeket,  C.  (1880).  Rec,  G.  S.  L.  Vol.  XIII.  p.  2-^1. 
AFonANiflTAN.— GfWwiacA,  C.  L.  (1881).  Mem.  G.  S.  1.,  Vol.  XVIH.  p.  66, 

MANGANESE. 
NiLOiBJS.— Cbfiyrtfw.  ir.f  Major  (1861),  Madras  Jonr.  of  Lit.  and  8d„  Vol.  XXIf, 

p.  253. 
nYozuxBtD.—Newbold,  Capt.  (1R44),  Jonr.  As.  See.  Benpil,  Vol.  XIII,  p.  992. 
ViZAGAPATAM. — Scott,  Dr.    A.  J.   (1852),  Edinburgh   New   Philosophical  Journal, 

Vol,  LIII,  p.  277  ;  Viragapatam  District  Manual,  p.  156. 
Bengal:  Sikoh bhum.— i?a//.  V.  (1881),  Mem.  Q.  8  I..  Vol.  XVIII.  pt  2,  p.  87, 
Jabalhtk.— Afa//e^  F.  B.  (1879).  Records  G.  S.  I.,  Vol.  XII,  p.  99. 
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lHAOVUn.—JenHni,  Capt.  (1829).  Ab.  Rc«..  Vol  XVTII,  pt.   1.  p.  19«  ;    Vo^te^.   Dr. 

(1829),  Op.  cit„  p.  127 ;   MalM,  F.  R.  (1879).  Rwordc.  Vol.  XII.  p.  73. 
Brbab,  yfuiS,—Hti<fkejt.  T.  W.  H.  (1874),  Recoils  G.  8.  I.,  Vol.  VTl,  p.  125. 
Rajpttaka.— irarie^  C,  (1877),  Records  G.  3. 1 ,  Vol.  X,  p.  91. 
BoMDiT.— 3W«o/c/.  Ca;^^— (1843).  Jour.  Roy.  A«.  Soc.,  Vol.  VII,  p.  112 ;  and  Madras 

Jour,  of  Lit.  and  Sci.,  Vol.  XI.  p.  44. 
Bbitish  Burma  :  TBNissBRiir. — Tremenhere,  Capt  (18^11),   Joan  A».  Soo.  Bengal, 

Vol.  X,  p.  852  ;   Cal.  Jonr.  N«t.  HJst..  Vol.  Ill,  p.  66 ;  Sol.  Rcc,  Ben,  Govt., 

No.  VI,  p.  12  ;  and  in  Rfv.  P.  Ma$on't  Natnral  PVodnetiona  of  Barma. 
Uppbb  BtTBMA, — B'trnej/,  MajoVf  and  Prituep,  J.  (1831),  Jour.  Aa.  Soc   Bengal, 

Vol  I,  p.  15. 

CHROMIUM. 

Madras.— Co/tf,  R,  (1837).  Madnw  Jour.  Lit.  and  Sol.,  Vol,  V,  p.  422,  tiofe ; 
Camphell  Capt.  (18^12),  Cal.  Jour.  Nat.  Hiet..  Vol.  II.  p.  282;  Netcbold, 
Capt.  (1*12),  Jonr.  Roy.  As.  Socy.,  Vol.  VI,  p.  167;  Kin^,  IT.,  and  Foott, 
R.  n.  (imS).  Mem.  G.  8.  I.,  Vol.  IV,  p.  93. 

KtTLU. — Calvert,  J.,  '  Kula.'  p.  75. 

Bvm.— Mallet,  F.  B,  (1866),  Mem.  Q.  S.  T.,  Vol.  V,  p.  167. 

IRON. 
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Gazetteer  of  Mysore  and  Coorg  ;  Annual  Adm.  Reps.,  M^'soro,  1860-188O. 
Chikolbput  (Madbas).  Taylor,  Capt.  (1876).  Indian  Economist,  Vol.  VI,  p.  131. 
Kadapah.— Jr»/ii^,  W.,  and  Oldham,  C.  ^.  (1872),  Mem.  G.  8.  L,  Vol.  VIII,  p.  280 ; 

and  Coddapah  Manual,  p.  26. 


6i8 


OKOLOOY  OP  INDIA. 


Kiuxvt.—  Wan,  P.  W,  n8£9),Ms^rM  Joar.of  Lit.tndSci.,  Vol  X5,  p.  299;  Kiny^ 

W.,  Mwn.  O.  8.  I..  Vol.  Vlir.  p.  »7. 
BaLLXRT.— Balfour,  Dr.   (18G5),  CitUlo^o  of  MadnB  Mfueatn  »nd  Cydopwdia. 

^W.— Iron  ;  Kehall,  J,  (1873).  BelUrjr  District  MmtuJ. 
Nbllorb.— i^tfo/f.  ^.  JJ.  (1880).  Mctn.  O.  S.  I..  Vol.  XVI,  p.  17. 
KiBTKA  ARD  OonATABi.-/r<y«^.  Dr.  (181i),  Tract*,  p.  218  and  225. 
Htdkkabad.— ^Wi«/  Fatl.  (15fK)),  Ain-i-Akbari.  GiAdwin's  Tnma,  Vol.  II,  p.  59 ; 
Voya^,  Dr,  (1832),  J.  A.  8.  B.,  VoJ-  I.  p.  245;  TkeSamt,  Op.  eU.,  Vol    II. 
p.  4r>2 ;  (1842),  lodi&n  Review.  Vol.  VI.  p.  663 ;  Maloolmaon  (l(i(40),  Tran^ 
Geol,  6oc.  Lond.,  new  Bcriw.  Vol.  V,  p.  5  US ;  Walker.  Dr.   (1840),  Madnw 
Jour,  of  Lit.  and  8ci.,  Vol.  XV,  p.  222 ;  and  Vol.  XVI.  p.  182. 
ViZAOAP^TAM.— r<-r^tf<>.  J.   (1860),  Mndnu  Jour-  of  Lit.  and  Soi.,  Vol.  XXI.  p.  271  j 

CarmkhMl,  D.  T.  (I8<i9).  District  Manual,  p.  15-1. 
Ou,i%Sk,^IIamilton,   Capt.  (1708),  A  new  acconnt  of  the  Ej»rt  Indies.  Vol  I,  p.  .392  ; 
£il(oe,  Lt.  (1839).  J.  A.  8.  B..  Vol.  VIU,  p.   144;  SamuelU,  S.  A.  (ISoo). 
Op,  eit..   Vol.   XXIV,   p.    249;   Piddinpton,  R.   (1865),  Idem.    p.  708; 
Oldham,  Dr.  T.  (1859).  Mem.  G.  8.  I,  Vol.  L  p.  11  ;  BUnford,  W.   T. 
and  IT.  F.,  and  Theobald,  JF,  (1859),  Mem.  G.S.  I.,  Vol.  I.  p.  8(i ;  Bhnford. 
B.  F.,  V&Tcy\  Metflllur(?y  of  Iron  and  Steel,  p.  261 ;  Blat^fvrd,  W.  T,  (1872), 
Rco.  G.  8.  I.,  Vol.  V,  p.  &4. 
BiBBHCM.— */■©»«   (1829).  A«.  BcB, ;  Heatl^,  8.  O.  T.  (1843),  J.  A.  8.  B.,  Vol.  XII. 
p.  542 ;  Jackson,  W.  (1846).  J.  A.  8.  B..  Vol.  XIV,  p.  764;  Turrtnt.  H..  J. 
A.  8.  B.,  Vol.  XIX.  p.  77;  Oldham,  Dr,  T.  (1852),  8el.  Rec.  Beo.  Govt., 
No.  VTH;  The  Same  (1864),  J.  A.  8.  B.,  Vol.  XXIIL  p.  279;  Barr.         ^ 
(1866),  Report  to  Meun.  Mackey  A  Co.j  Sowerby,  W.  (1858).  M.  Rciv  ^ 
India,  No.  XXVI,  p.  66 ;    MacKey,  D.  C,  and  Casperz,  H 
Enofineer*'  Joumal,  Vol.  III.  pp.  68.  D-l,  1(K3,  112 ;  Beng.  A<i  - 
p.  125;  Blanford,  W.  T.  (I860),  Report  covered  hy  letter  of  Dr.  Oldham  to 
6«oy.  to  Govt,  of  Bengal ;   Anonymous  (1874),  Indian  Econouiiit,  Vol.  VI, 
p.  70;  Huffhes,  T.  W.  U.  (1877),  Mem.  G.  S.  I.,  Vol.  XIII,  pt  2,  p.  89; 
Ball.  V.  (i877), Jrf«w,  p.  87. 
ViAnxQkVJ.^Piddiitgton,  27.  (1829),  (Analyses),  Ab.  Res.  Vol.  XVIII,  p.  171 ;  Jw^ttp 
^  Co.  (1839).  Smelting,  J.  A.  8.  B„  Vol.   VIII,  p.  683 ;  Oldham.  I> 
(1862),  Sel.  Rec.  Ben.  Govt,  No.   VIII ;  Baker,  Major  W.  E.  (1863).    i 
A«.  8oc.,  Bengal.  Vol.  XXII,  p.  484;  Piddington.  IT.   (1865),  Kankar  flux, 
J.  A.  8.  B..  Vol.  XXIV,  p.  212 ;  Blanford,   W.  T.  {IHU).  Mem.  G.  8.  I., 
Vol.  Ill,  p.  191 ;  Smith.  D.  (1856),  Report  on  Coal  and  Iron  Dbtricte  of 
Bengal ;  Banerman,  E.  (1873),  Reports  ;  Hughes.  T.  W.  iT.Rec.  O.  S.  I.. 
Vol.  VII,  pp.  20.  122;  Nesa.  W.  (1876  and  1879),   Official  Corrospondenw, 
Gazette  of  India. 
Chutu  Naopuh  :  Manbitum.— 5oti7A,  D.  (1866),  Report  on  Coal  and  Iron  Districu 
of  Bengal;   Hughes,  T.  W.  U.  (1866),  Mem.  O.  8.  I^  Vol  V,  p.  332;  Bail, 
V.  (1881),  Mem.  G.  8.  I..  Vol.  XVIII,  p.  146. 
BivannnvH.—S/fehr,  Dr.  E.   (1860),  Viertel.  derNatGes.  in  Zarieli,  Vol.  V.    3-10; 
iSrAwa/A^  J?.,  Zeit«.  Nat.  Vor.  Sachs,  und  Thar.  Halle,  XX,    198;  HaU    f 
(1881),  Mem.  G.  8.  I.,  Vol.  XVIII.  p.  9^. 
Habaeibaoh.— l?rr<o»i,  P.  (1826).  '*  Mediml  Topography   of  Coded  Provincos. 
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APPENDIX  K.— inON 


610 


WilUams,  D.  IT.  (1862),  Geological  Report  on  the  Kymore  Monntains,  &c. 
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(1855),  Sel.  Reo.  Govt.  India,  No.  VIII ;  (1855),  Official  Correspondence  and 

Report,  Sel.  Rec.  Govt.  India,  No.  VIII.  Supp. ;  Sowerby,  IT,,  Barratt,  J^ 

4-0.  (1856).  Sel.  Rec.  Govt,  India.  No.  XVII;    Strachey,  Major   U.  ilWG) 


APPENDIX  E.-IRON  AND  IRON  OCHRB. 


6il 


Report  ;  Piddingion,  H.  (1866),  J.  A.  8.  B.,  Vol.  XXV,  p.  361 ;  Sowerhj,,  W. 
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Economic  G«ol«>gy  of  Hill  District*.  N.  W.  P.,  Allahabad,  Pamp.     See  also 

Engineers'  Journal,  VoU  I.  (1858).  pp.  84,  100  j  Vol.  II  (1869).  pp.285.  362; 

Vol.  Ill,  pp.  55,  93,  132,  155;  Vol.  IV,  p.  164;  and  Indian  Economist,  VoL 

I,  p.  92.  and  Vol.  V,  p.  217;  Warth,  Dr.  (1881)  Indian  For«Bter.  Vol.  VI, 

p.  211. 
Assam. — iJoftintfon,  IF.  (1841),  DoBcriptive  Account  of  Assam,  p.  34;  Hannay,  Col. 

(1856).  J.  A.  8.  B.,  Vol-  XXV,  p.  330;  Macnamara,  Dr.  (1850),   Ojk  eit.,  pp. 

362  and  426  ;  MalUl,  F.  JS.   (1876),  G.  8.  I.,  VoL  Xn.p.  359  ;  The  Samt 

(1877).  Rec.  G.  8.  I.,  Vol.  X.  p.  152  ;  Jlunfer.  Dr.  W.  W.  (1879),  Statistical 

Account  of  Assam,  Vol.  I,  pp.  21, 231, 260,  299.  380. 
Khasi  AST)  Jaiuti  UiLVB.— Walters,  H.  (1828).  As.  Re«.,  Vol.  XVII,  p.  -109;  (1829). 

Gleanings  in  Science,  Vol.  I.  p.  252  ;  Jones  (1829),  Op.  eit„  p.  28.1 ;  Cracrojl, 

W.    (1832),   J.    A.   8.   B.,   Vol.    I,   p.    150;    Watson,   Col.  T.   C.  (1834). 

Op.  cif..  Vol.  Ill,   p.  25;  Hooker,  Sir  J.  D.  (1854),  Himalayan  Joiimalf., 

Vol.  II,  p.  310;    Yule,  Lt.   (1842),  Op.  ctt.     Vol.  XI,   p.  853;    Oldham, 

Dr.  T.  (1859),  Mem.  G.  8.  I.,  Vol-  I,  p.  201 ;  Allen  (1858)-   Rcjwrt ;  (1878). 

Administration    Report,  p.  18 ;  Hunter,  W,  W,  (1879),  Statistical   Account 

of  Assam,  Vol.  II,  p.  210,  235. 
BCBlLi:  VSQV. -Theobald,   W.  (1873),  (1869),  Rec  G.  8.  I.,  Vol.  U,  p.  83  ;  (1874), 

Op.  cit.,  Vol.  VI,  p.  91;  and  (1873),  Mem.  G.  S.  I.,  Vol,  X,  p.  343;  Low, 

Capt.  (1836),  Jour.  Boy,  As.  Soc.,  Vol.  Ill,  p.  49. 
TaVot  xhp  Mbsoui. — Heifer,  Dr,  (1839),  Second  Report  on  Provinces  of  YcTavoy, 

and  Mergni,  p.  28  ;  Blundell,  E,  A.,  and  Ure,  Dr.  (1843),  J.  A.  S.  B.,  Vol. 

XII,  p.  236  ;  Mason,  Rev.  F,  (1850),  Natural  Productions  of  Burma. 
Uppeb   Bubma.— OWuaiB.  J>.   T.  (1855),  Yulo's  Mission  to  Court  of  Ava,  p.  3-16 ; 

Bla^ford,  W.  T.  (1862),  J.  A.  S.  B.,  Vol.  XXXI.  p.  219;  Andersmi,  Dr.  T. 

(1871),  Expedition  to  Yunan  vi&  Bbamo ;  Strover,  Major  (1873),  ludkn  Eco- 

nomiat,  Vol.  V,  p.  14. 


IRON  OCHRE. 

MADBA8  :  TRicnivoTOLi.—Blanford,  H.  F,  (1866),  Mem.  Q.  8. 1.,  Vol.  IV,  p.  214. 

hiLQiBiB.—Blanford,  H.  F.  (1859).  Mem.  G.  S.  I.,  Vol.  I.  p.  %i». 

Bbwoal:  Rajmahal  Hillb.— Z?a//,  r.  (1877).  Mem.,  G,  8.  I.,  Vol.  XIII.  p.  163. 

SiMOHBHCM.— ifa«<7A/oM.  Col.  J.  C.  (1855),  J.  A.  8.  B.,  Vol.  XXIII,  p.  118. 

Cr;itral  Pbovinces  :  Raipub.— Centl.  Prov.  Adra.  Rep.  (1861-62),  p.  123. 

BkLXOUAT.— Grant,  C.  (1870),  Ccntl.  Prov.  Gazetteer,  p.  123. 

J kBLhPV&.— Oldham.  T.  (1872),  Reo.  G.  S.  I..  Vol.  V,  p.  9. 

NiorvB  AND  CBAtiVX.—Jenl-ins,  Capt.  (1829),  As.  Res.,  Vol.  XVIII,  p.  213 ;  Wil- 

kin»<m,  Capt.  (1843),  Cjil.  Jour.  Nat.  Hist.,  Vol.  Ill,  p.  290. 
Bombay.   Krolasvu.  — Graham,  Major  (1864),  Sel.  Rec.  Bomb.  Govt.,  Vol.  VIII, 

p.  34. 
CvTcn.—  Wgnne,  A.  B.  (1872),  Mom.  G.  8.  1.,  Vol.  IX.  p.  90. 

fbiKM-WL.— Campbell,  Dr.,  and  Piddington,  H  (1850),  J.  A.  8.  B.,  Vol.  XIX,  p.  143. 
BuBMA.— i^v.  F.  Mason  (1850),  Natural  Productions  of  Burma,  p.  42. 


6*2  GEOLOGY  OP  INDU. 

IRON  SULPHATE  ob  COPPERAS. 

Bbhab.— -fitew«i*oi»,  J.  (1833),  J.  A.  8.  B.,  Vol.  II,  p.  321 :  Mallet,  F.  B.,  Mem.  G.  8. 

L.Vol.  VII,p.  12L 
TwjkB.— Baden-Powell,  H.  (1868),  Punjab  Products,  p.  66 ;  Wynne,  A,  B.  (1878). 

Mem.,  G.  8. 1.,  Vol.  XIV,  p.  302. 

IRON  PHOSPHATE. 
Assam.— Cal.  Jour.  Nfct.  Hist.,  Vol.  HI,  p.  163. 
^EPAL.'-Medlicott,  ff.  B.  (1872),  Bee,  G.  S.  I.,  Vol.  Vni,  p.  100. 

CORUNDUM. 

TiLxyAHOOMS.^Bal/bur,  Dr.  (1867),  SeL  Bee.  Govt  Madras,  No.  XXXIX,  p.  94 

CoiMBATOBB.— i^eieJoW,  Capt.  (1842),  Jour.  Boy.  Ab»  Soc,  Vol.  VII,  p.  224. 

8xutM.—Newbold,  Capt.  (1842),  Jour.  Boy.  As.  Soc,  VoL  VII,  pp.  219,  224; 
Campbell,  J.  (1842),  Cal.  Jour.  Nat.  Hist,  VoL  II,  pp.  281  and  306 ;  Balfour, 
Dr,  (1867),  SeL  Bee.  Govt.  Madras,  No.  XXXIX,  p.  91. 

Mtsobb.— C2arK  i>r.  (1839),  Madras  Jour.  Lit.  and  ScL,  VoL  IX,  p.  121 ;  Netohold, 
Capt.  (1840),  Madras  Jour,  of  Lit  and  Sci.,  Vd.  XI,  p.  46 ;  I!le  Same  (1842), 
Jour.  Boy.  As.  Socy.,  VoL  VII,  p.  219 ;  Jameeon,  Pntf.,  Edinburgh  Cabinet 
Libraiy,  No.  VUI,  pp.  849-60;  Balfour,  Dr.  E.  (1867),  Sel.  Bee  Madras 
Govt,  No.  XXXIX,  p.  88 ;  (1870-71),  Administration  Beport,  Mysore ;  Biee, 
L.  ^1877),  Mysore  and  Coorg  Ghoetteer. 

NoBTH  Abcot  :  EisTVA  AHD  Goo ATAB I. —Pa{^»r,  Dt.  E.  (1867).  SeL  Bee.  Madraa 
Govt.,  No.  XXXIX,  p.  90,  &o. 

Htdbbabad.— TFa/iber,  Dr,  (1861),  Madras  Jour,  of  Lit.  and  ScL,  Vol.  XVI,  p.  187. 

Bbngal  :  ^ivQBmnL.—Maughton,  Col.  (1866),  Jour.  As.  Soc.,  Bengal,  VoL  XXIII, 
p.  118. 

MoKGHYB.>-J7W»^er,  W.  W.  (1877),  Statistical  Account  of  Bengal,  Vol.  XV,  p.  31. 

CiWTBAL  VuoYiKCBa.—MaeiHtire,  Dr.,  and  JPiddingion,  H.  (1860),  J.  A.  S.  B.,  VoL 
XIX,  p.  489  ;  Grant,  C.  (1870),  Central  Prov.  Gazetteer,  p.  606. 

BiYW LB..— Buchanan  {Hamilton),  Dr,  (1820),  Edinb.  Phil.  Jour.,  Vol.  II,  pp.  305, 307 ; 
Sherwill,  Capt.  W.  8.  (1846),  J.  A.  S.  B.,  Vol.  XIV,  Proc.,  p.  XV ;  MalUt, 
F.  B.  (1872),  Eecords  G.  S.  I.,  Vol.  V,  p.  20 ;  and  (1873),  Vol.  VI,  p.  43. 

Khasi  Hilis.— Jfo//c<,  F.  B.  (1879),  Becords  G.  S.  I..  Vol.  XII,  p.  172. 

Bubma,— JI/iMoii,  Bev.'F.  (1860),  Natural  Productions  of  Burma,  p.  26. 

SAPPHIRE. 
Hydbbabad.— TTa/lrer,  Dr.  (1860),  Madras  Jour.  Lit.  and  Sci.,  Vol.  XVI,  p.  186; 

Grant,  C.  (1870),  Central  Provinces  Gazetteer,  p.  606. 
Punjab  :  Kulu. — Calvert,  J.,  Kulu,  p.  64. 
Uppbb  Bdbma. — See  references  to  Buby. 

RUBY. 

Madbas  :  Salbu.— iVMo^M,  Capt.  (1842),  Jour.  Boy.  As.  Soc.,  Vol.  VII,  p.  224. 

Mtsobb.— C^ar^e,  Dr.  (1839),  Madras  Jour,  of  Lit.  and  Sci.,  Vol.  IX,  p.  121. 

Uppbb  BubmI.— Gawcpj?*  D'Anato,  Phre  (1833),  J.  A.  S.  B.,  Vol.  II,  p.  76  ;  Old- 
ham, Dr.  T.  (1855),  Col.  Yule's  Mission  to  Ava,  p.  347 ;  Strover,  Major 
(1873),  Indian  Economist,  Vol.  V,  p.  14;  Balfour,  Dr.  (1873),  Cyclo- 
pwd'a,  Art. — Ruby. 


APPENDIX  E.-8PINEL,  ALUM,  ct 


628 


SPINEL. 

hxv man kV.— Marco  Polo  (13th  Century)*  by  Col.  Yule,  Vol,  I.  pp.   143  and  162  »  ; 

Printtp,  J.  (1832),  J.  A.  S.  B.,  Vol.  I,  p.  363  ;   Wood,  Li.  (1837),  Journey 

to  Oxu8,  p.  316. 
Ufpeb  Bubma. — iffuon,  Bev.  J*.  (1860),  Natural  Productions  of  Burma,  p.  27. 

ALUM. 
Bbhab.— 5A<?riri7/,  CapL  (I&IC),  J.  A.  8.  B..  Vol.  XV,  p.  68. 
iluFvr ASk :  JxiPUB.— 5rtw*«.  J.  C„  Citl,  (186-1),  Jour.  As.  Sec.  Bengal,  Vol,  XXXIII, 

p.  525 ;  Mackef,  C.  (1880),  Record*  O.  8. 1.,  Vol  XIU,  p.  24C ;  McMurdo, 

Capt.  (islis).  Bomb.  Lit  8oo.  Trans..  Vol.  IL  p.  210. 
Cxncn.^Anonymou4  (1831),  Gleanings  in  Science,  Vol.  III.  p.  384;  OroHi,  O.   W. 

(1837),  Trans.  Qeol.  Soc.,  Lend.,  second  serieB,  Vol,  V,  p.  295  ;  Bailte*,  Lt,  S. 

N.,  (1864),  Sel.  Rec.  Govt.  Bombay,  No.  XV.  p.  72  ;   Wynne,  A.  B.  (1872). 

Mem.  G.  S.  I.,  Vol.  IX,  p.  87;  Campbell,  J.  M.  (1880),  Bombay  Gazetteer, 

Vol.  V,  p.  19. 
SiHD.— Ficary,  Capt.  (1817),  Qaar.  Jour.  Oeol.  Socy.,  Vol.  Ill,  p.  343.  Beprintod   in 

Dr.  Carter's  ColIeoUon  of  papers;  Blaj\furd,  W.  T.  (1880).  Mom.  G.  8.  I., 

Vol.  XVII,  p.  iy6. 
kvoUkmBikH—IIutton,  Capt.  (1846),  Cal.   Jonr.  Nat.    Hist,.    Vol.    VI,    p.    C08 ; 

JametoH,  Dr.  (1843).  J.  A.  S.  B.,  Vol.  XII,  p.  212  ;  Fleming,  Dr.  (1848),  Op. 

eit..  Vol  XVII,  p.  522. 
TwikBiTEkm-IvnvB.— Wynne.  A.  B.  (1878),  Mem.O.  S.  I.,  Vol.  XIV,  p.  293  ; 

The  Sam*  (1880).  Op.  cit..  Vol.  XVII.  p.  93. 
Salt  TLkHa^.-I'leminff,  Dr.  A.  (1848),  J.  A.  S.  B.,  Vol  XVU,  pt,  H,  p.  522  j 

Wynne,  A  B.  (1878),  Mem.  G.  S.  L.  Vol  XIV,  p.  301. 
Nobth-Wbst  Pbovth 0B8 :  KuMAUK. — AtJcinaon,  E.  21  (1877),  Economic  Geology  of 

Hill  Districts  of  N.  W.  P.,  pomph.  Allababad. 
Nepal.— 5<eP6»*o»,  J,  (1833).  J.  A.  8.  B.,  Vol  II,  pp.  321  and  605  ;  Campbell,  Dr.  A. 

(1833),  J.  A.  8.  B..  Vol  II,  p.  482. 
kMkiL.— Mallet,  F.  R.  (1870),  Mem,  G.  8.  I.,  Vol  XII,  p.  361. 
BvRUk.—Ma^on,  Bev,  F.  (1850),  Nat.  Prodos.  of   Burma,  p.  33 ;   Admn.  Rep.  of 

Britiali  Burma  for  1861-62,  p.  39. 

CERIUM. 
M ADB18 :  Kkivvt.—Ifevfbold,  Capt.,  and  Piddin^ion,  H.  (IS4C),  J.  A.  8.  B.,  Vol  XV, 

p.  62 ;  and  Jour.  Roy.  As.  Socy.,  Vol  VIII,  p.  315. 
CoMOMk3fVBL.—Damour,M.  A.  (1862),  BuU,  Soo.  Gool  France,  2od  Ser.,  Vol.  XIV, 

p.  550. 
Nkpal.— PWrfi7i^<o»,  JSr.  (1854),  J.  A.  S.  B.,  Vol  XXUI,  p.  173. 

EPSOMITE. 
Punjab  :  Snru— Mallet,  F.  B.  (1806).  Mem,  G.  8. 1.,  Vol  V,  p.  160. 
Salt.Rauob.— r*M<frtnaX'  (1874),  Rec.  G.  8.  L.  Vol.  VII.  p.  64;  Wynne,  A.  B. 
(1878).  Mem.  G.  8.  I.,  Vol  XIV,  p.  80. 

MAONBSITE. 
Salbii.— PW«*ey,  J.  (1835).  J.  A.  8.  B.,  Vol.  IV,  p.  510;  Jwisa,  Dr.  (1836).  Mad. 
ras  Journal  of  Litoratnro  and  Science,  Vol.  IV^  p.  22 ;  Netobold,  Capt.  (181:2). 


624  GEOLOGY  OP  INDIA. 

Jour.  Boy.  As.  Soc.,  Vol.  VII,  p.  167 ;  CampbeU,  Capt.  (1842),  CtL  Jonr. 
Nat  Hist,  Vol.  H,  p.  280;  and  (1846),  Op.  eit.,  VoL  VI,  p.  212;  M'CM^ 
land.  Dr.  J.  (1845),  C&L  Jour.  Nat.  Hist..  Vol.  V,  p.  441 ;  Kinff,  TT.,  and 
FooU,  B.  B.  (1864),  Mem.  G.  S.  I.,  Vol.  IV,  p.  90. 
Tbichikopoli.— OKcAfcr&wy,  Lt.  (1842),  Cal.  Jour.  Nat.  Hist,  Vol.  II,  p.  284. 

TALC,  STEATITB,  POT«TONB. 

Tbichinofou.— Jr%,  W.y  and  Foote,  B.  B.  (1866),  Mem.  G.  S.  I.,  Vol.  IV,  pp. 
324, 371. 

Bki.ms..— Campbell,  Capt.  J.  (1846),  Cal.  Jour.  Nat  Hist.,  VoL  VI,  p.  213. 

Mtsosb.— J&KcA^nan  {HamUion),  Dr.  (1807),  Journey  through  Mysore,  V<J.  II, 
pp.  62, 142, 146. 146,  244,  390 ;  Newhold,  Capt.  (1848),  Jour.  Boy.  As.  Socy., 
Vol.  XI,  p.  11;  Mysore  Adm.  Report(1870-71),  App.  HI  F. ;  Op.  oit.  (1871-72), 
App.  ni  F. ;  ci>.  cit.  (1878-79),  p.  24 ;  Bice,  L.  (1876),  Mysore  and  Coorg 
Gazetteer,  VoL  II,  p,  288. 

HiDEBABAD.— Seyiie,  Dr.  (1814),  Tracts,  p.  272. 

Ou9»k.— Stirling  (1826),  As.  Res.,  Vol.  XV,  p.  163. 

Bengal  :  Midnapub.— (1869),  Mem.  G.  S.  I.,  Vol.  I,  p.  278. 

Gta.— Bengal  Adm.  Bep.  (1876-77),  p.  166 ;  Sunter,  W.  W.  (1877),  Statistical  Ac- 
count of  Bengal,  Vol.  XII,  p.  26. 

Manbhum  and  Sinohbhum.— JBa//,  F.  (1881),  Mem.  G.  8.  L,  VoL  XVHI,  pp. 
Ill,  148. 

Cbktbal  Pbotincbs.— TTtiifciiMOtt,  B.  (1843),  Cal.  Jour.  Nat  Hist,  VoL  m,  p.  291; 
Bidap,  8.,  and  Hunter,  B.  Bev$.  (1864),  Quar.  Jour.  Geol.  Socy.,  VoL  XI, 
p.  380 ;  Medlicott,  J.  G.  (1860),  Mem.  G.  S.  I.,  VoL  II,  p.  187. 

Bbbab  :  WuK.— Gazetteer  (1870),  p.  27. 

BajputakI:  JAiFim,—Haekei,  C.  (1880),  Bee.  G.  S.  I.,  Vol.  Xm,  p.  246. 

Bombat  :  Batkaqibi.— &»^(m.  Dr.  (1844),  Jour.  Bomb.  Br.  Boy.  As.  8ocj.,  VoL  I, 
p.  144. 

DnxRWkR.— Christie,  Dr.  (1836),  Madras  Jour.  Lit  and  Sci.,  Vol.  IV,  p.  462 ;  New- 
bold,  Capt.  (1846),  J.  A.  S.  B.,  Vol.  XIV,  p.  284  ;  Mote,  B.  B.  (1876), 
Mem.  G.  S.  L,  VoL  XII,  p.  258. 

Afghanistan.— Jfc(fZ»co«,  H.  B.  (1880),  Proc.  As.  Soc.  Bengal,  p.  3. 

Nobth-We8T  Pbotinces:  GaBwIl.— ff«r6«?r<,  Capt.  (1829),  As.  Bes.,  VoL  XVm, 
p.  233 ;  Atkinson,  E.  T.  (1877),  Economic  Geology  of  Hill  Districts,  N. 
W.  P.,  Pamph.  AUahabftd,  1877,  p.  34. 

Bhutan.— G^orfwin-^tw^wt,  Col.  (1868),  J.  A.  S.  B.,  Vol.  XXXVII,  p.  121 ;  Mallet, 
I>.  B.  (1875),  Mem.  G.  S.  I.,  Vol.  XI,  pp.  36,  9a 

BvuMA.— Theobald,  W.  (1871).  Bee.  G.  S.  I.,  Vol.  IV,  p.  43 ;  2%*  8atM  (1873). 
Mem.  G.  S.  L,  Vol.  X,  p.  352. 

SERPENTINE. 
Kadapah  and  Kabnul.— JTiw^r,  W.,  and  Foote,  B.  B.  (1872),  Mem.  G.  8.  1.,  Vol. 

VIII,  p.  282. 
^YSonE.—Newbold,  Capt.  (1847),  Jour.  Boy.  As.  Socy.,  Vol.  IX,  p.  10. 
Bengal  :  Singbhum.— 5a//,  V.  (1881),  Mem.  G.  S.  I.,  Vol.  XVUI,  p.  103. 
FvsJAB.— Mallet,  F.  B.  (1865),  Mem.  G.  S.  I.,  Vol.  V,  p.  172 ;  Calvert,  J.,  '  Kulu,' 

p.  4. 


APPENDIX   E. 


62Ji 


^%KA—Theohat(/,  W.  (1873).  Mem.  G.   S.   1.,  Vol.   X,  p.  143 ;  Afatoa,  Bfv.  F. 
^  (1S5U).  Nut.  Productions.  Banna. 

Anoamam  Ulanm  — 5a//,   F.  (1870),  Jour.  Aa.  Soc.  Bengal,  VoU  XXXIX.  p.  237. 

FLUOR  SPAB. 

RkJVUB.— Bf a nford,  W.  T.  (1H68),  Rec.  G.  S.  I.,  Vol.1,  p.  37.   and  (1870).  Op.  ci7., 

Vol.  Ill,  p.  -U;  Ball,  r.  (1877).  Op.eit..  Vol.  X.  p.  185. 
U^vi k^.— Mallei,  F.  B.  (1871).  Mem.  G.  8.  I.,  Vol.  VH.  p.  122. 
Punjab  -.  SFiri.^Mallet,  F.  i2.(18G6),  Mem.  G.  S.  I.,  Vol.  V.  p.  166. 


OYPSUM. 

Madbas  :    Gfxebal. — Baffhur,   Dr.   (1873),    Cyclopjedia,    Arts.— lAmmtoue  and 

Marblf*. 
Tbichinopoli  DistmcT.—Blanford,  H.  F.  (1865).  Mem.  Q.  S.  I.,  Vol.  IV.  p.  214. 
CniNaLBPUT  District. ^Foote,  R.  B,  (1873),  Mem.  G.  8.  I..  Vol.  X.  p.  132. 
Nbllobb  DiSTKiCT.— /oo/*-,  R,  B.  (1880),  Mem.  G.  S.  I.,  Vol.  XVI,  p.  l(Vl. 
Bombay  Gbneral,— .B«i*/,  Dr.  (1852),  Trang.  Bomb.  Geol.  Soc.,  Vol.  X,  pp.  189,  225. 
COTCH.— W>«»«r,  A.  B,  (1872),  Mem,  G.  S.  I.,  Vol.  IX,  p.  90,  and  Campbell,  J.  ST. 

(1879),  Bomb.  Ga7.etteer,  Vol.  V,  p.  6. 
SiWD.— Ficary.  C<7/?^  (1847),Quar.  Jour.   Geol.  Socy.  London,   Vol.  Ill,  p.    347; 

BuUt,  Dr.  (lH62),TranB.  Bomb.  Geol.  Socy.,  Vol.  X,  p.  229;  Blanfbrd,  W.  T. 

(1880),  Mem.  G.  S.   1..  Vol  XVU,  p.  195. 
Balochistan. —  Virary,  Capt,  (1846),  Qnar.  Jour.  Gool.  Socy.  London,  Vol.  U,  p.  36; 

Ball,  F  (1874),  Rec.  G.  S.  I.,  Vol.  VIL  p.  152. 
ApoHANiBTAN.— 7Z««an,   Capt.  (1846),  Cal.  Jour.  Nat.  Hiot,,  Vol.  VI,  pp.  585.  604; 

OrU^bai'h,  a  L.  (ISHl),  Mem.  G.  S.  I.,  Vol.  XVIO,  p.  59. 
Punjab  :  Salt  Ranok  •.  Kohat.— Jowmwi,  Dr.  (1843).  J.  A.  S,  B..  Vol  XII,  p.  197; 

Fleming,  Dr.  (18-18),  Vol.  XVII,  p.  602;  Baden- PoiceV,  IT.  (1868).  Punjab 

Produots,  p.  41 ;  Lyman,  S.  (1870),  Punjab  Oil  Land«.  pp.  2  and  3;   Wynne, 

A.  B.  (1874),  Mem.  G.  S.  I..  Vol.  XI,  p.  293  ;  T/te  Same  (1878),  Op.  cit. 

No.  XIV,  p.  300 ;  The  Same  (1880),  Op.  cit..  Vol.  XVII,  p.  93. 
Svnj.—  ifallet,  F.  JR.  (1866),  Mem.  G.  S.  I.,  Vol.  V.  p.  153. 
N.  W.  Pbovi»cb8  :  Dehba,Kuma.un  ajidGabhwal. — Herbert,  Capt,  (1829),  As. Res., 

Vol.  XVIII,  p.  216;  Cauthy,  Oenl.  Sir  Pro/^  (1832).  J.  A.   8.  B..  Vol.  I. 

p.  290;  EvereH,  R.  (1832),  J.  A.  S.  B.,  Vol  I,  p.  450;  Medlimtt.  H.  B. 

(1864).  Mem.  G.  S.  I.,  Vol.  in,  p.  176 ;  Atkinson,  E.  T.  (1877),  Economic 

Mineralogy  of  the  Hill  Distriots,  Pamph..  Allababad,  p.  34. 
BuBM  A.— 3fu<o»,  Rer>.  F.  (1870),  Nat.  Prod,  of  Burma,  p.  31 ;  MalUt,  F.  R.  (1878) 

Rec  G.  8.  L,  Vol.  XI,  p.  222. 

APATITE. 
Bekoal:  HA2AB1BAOH,— 3fflZ/tfjr,  F.  R.  (1874),  Rec.  G.  8.  !„  Vol.  \U,  p.  43. 

MARBLE  AND  LIMESTONE. 

Mapbas:  Gbnkbal.— 7?d/ro«r,  Dr.  E.  (1854),  Sel.  Bee.  Govt  Madras,  No.  2,  pp.  5-36, 

and  1873,  Cy cloiiaedin, 
TiMUBVBLLY.-^w^',  W.  (1859),  Madras  Jour,  of  Lit.  and  Sci.,  Vol.  XX,  page  272. 

P  1 


AM  QEOLoay  of  india. 

TBiOHiJiOPOU.^ir/ai^cf.  H,  F,  (1866),  Mem.  Q.  S.  I.,  Vol.  lY,  pp.  S04,  206,  207 ; 

Moort,  L.  (1878),  Dist  Manual,  pp.  61  and  64. 
CoiMBAToiB.— i/onforrf.  B.  F.  (1867),  Madras  Jour,  of  Lit.  and  Sci.,  Vol.  XIX, 

p.  60 :  and  (1869),  Mem.  G.  S.  I.,  Vol.  I,  p.  247. 
Kadafih  AMD  Kabnul.— f  iN^,  W.  (1869),  Beo.  Q.  S.  I.,  Vol.  II,  pp.  7-10 ;  and 

(1878).  Mem.  G.  S,  I.,  Vol.  VIU,  p.  222. 
Htpibabad.— Fciyiry,  Dr.  (1833),  J.  A.  S.  B.,  Vol.  U,  p.  402. 
BiKQxL :  Manbhum  AMD  SiMQBHUM.-  Ball,  V.  (1881),  Mem.  G.  S.  I.,  Vol.  XVIII, 

pp.109  4  148. 
HAtABiBAQH.— Jra</«^  F.  It.  (1874),  Rec.  G.  S.  I.,  Vol.  Vn,  p.  34. 
LoHABDAOA  .—i?aW.  T.  (1878),  Mem.  G.  S.  I.,  Vol.  XV,  pp.  32  and  126. 
Cbntbal  Pbotimcbs  :  Sambalpvb.— .Ba//,  F.  (1877),  Beo.  G.  S.  L,  Vol.  X,  p.  178. 
J ABALfVM,— Medlieoit,  J.  O.,  Mem.  Q.  S.  I^  Vol.  II,  p.  134. 

NAQrUB.--J«wA^»M,  Capi.  (1829),  Am.  Rea.,  Vol.  XVin,  p.  201 ;  WUHmsoM,  T.  (1843), 
Oa.  Jour.  Nat  Hiat,  Vol.  III.  p.  290 ;  Qramt.  C.  (1870),  CenU.  ProT.  Gazetteer, 
^  330;  Blai^rd,  W.  T.  (1872).  Mem.  G.  S.  I,  Vol.  IX,  pp.  302,  330. 
Wabdha.— ZTiiyAM,  T.  W.  H,  (1877),  Mem.  G.  S.  I,  Vol.  XIU,  p.  172. 
VwpHTAK  Kanqb.— 3ra/l«#.  JPl  B.  (1871)  Mem.  G.  S.  I,  Vol.  VH,  p.  113. 
MiBaArvB.-Jf'C/W/a»d;  Dr.  a840),  CVd.  Jour.  Nat   Hist,  Vol.  I.,  p.  430;  and 
Corbyn'a  Indian  Reriew,  Vol.  V,  p.  679 ;  JTol^f,  F.  S,  (1873),  Kec.  6.S.  U 
Vol  V.  p.  19;  Vol.  VI,  p.  43. 
RAJruTAHA ;  AiWAB.— iVWe/#,  Mt00r,  P.  IT.  (1878)  Gaietteer,  p.  83 ;  Haeket^  C 

(1880).  Rec.  G.  S.  U  Vol.  XID.  p.  250. 
JurrB.— ffa«v^#,  C.  (1880).  Rec.  G.  S.  U  Vol.  Xm,  p.  850. 
JoBtHPTB  AMP  Jbbauiib.— i?9i^Sfa«,  C^fi.  (1839),  Indian  Reriew,  ToL  IIL  p.  4. 
Ajmib.— Z«IV«cA#,  J.  I>.  (1876).  Gaietteer  of  Ajmir-Mervara,  p.  6. 
BtxMBAT.— -B/aV5>»^^,  IT.  r.  (18^).  Mem.  G.  S.  I,  Vol  VI,  p.  216;  (1872-73). 
Bombi^  Adm.  Rep.,  p.  365 ;  FooU,  B.  B.  (1874),  Rec.  G.  S.  I,  VoL  VII, 
p.  134 ;  CamfMly  J.  JT.  (1S79),  Boml»T  Gazetteer,  VoL  U.  p.  353 ;  Vol.  HI, 
p.  197. 
CrtcH.— !>>**.  A.  B.  (ISTJ),  Mem.  G.  S.  I..  \ol.  IX.  p.  90. 
Sisv.^BU>*f»yi.  W.  T.  asSO).  Mem.  G.  S.  U  Vol.  XVII,  p.  195. 
Ai^HASlSTAS.— X<W,  Dr.  (1839),  Indian  Reriew.  Vol.  III.  p.  31S :  Jfedliroit,  H,  B. 
(1SJ»>,  Pkoc.  A*.  Soc.  Bengal,  p.  3  ;  Grietbach.  C.  Z..  Mem.  G.  S.  L  Vol. 
XVII.  Pt.  I ;  Jledtic-oti,  H.  B.  USt^),  Mem.  G.  S.  I-  Vol.  III.  p.  176. 
TvSJAJ^—BaJen^Fowell.H.  (1S6S\  Punjab  Ptoducts:  TT^nne.  A.  ^..Mem.G.  S.  I.. 

Vol.  XI,  p.  190;  Vol.  XVI.  p.  398 ;  and  Vol.  XVII.  p.  95. 
NOB-TH-W»T  PBonSCBS:  KUMACM  ASD  GaBHWaL. — AtiinMn.F.  F.  il'*77^.  Ecoou- 

mio  Geolowyr  of  Hill  Districts  oi  N.  W.  P.,  Aliahiibad,  Plmph..  p.  35. 
Pakjiuso—  MaiLeL  F.  S.  a^75>.  Mem.  G.  S.  I,  Vol.  XL  p.  S3. 
Assam.- JenJkinj.    Cupi.  (1^35).  J.  A.  S.  B..  Voi.  III.  p.  303:  BiuAdv.  G.  A.  '1S45  , 
J.  A.  S.  B.,  V^L  XVU.  p.  57  ;  adAum.  Dr.  T.  IS5&<.  Mem.G.  S.  L.  V.jl  L 
p.   lA):  Ji-jlUt,  F.  B,  (1576).  Op.  cii..  Vol.  ill.  i».  :J61;  Smnier.  W   W. 
(1879*.  Statistical  Account  ot  Ajeaoi,   Vols.  I  uid  IL     There  am  rrm^mmc 
ailuaioos  to  this  subject  in  the  Beofcal  Administracion  Bepurta  and  Cauiunm 
Gaiecce  for  siie  jears  tiom  l;>70-73. 
Bqbma:   Abjucvc  \>vfiAiQS.—IhmihaL^   W.  il^is.  Ylaw..  G.  S.  L.  Vui.  X.  p.  346  : 
m^U^t^  F.  B.  (l>rs;.  Bee.  G.  S.  L.  VoL  XI.  p.  ±ii. 


APPBNDIX  B.  ^^^ 

pBotJ  DivisioH.— W^ftaW,  W.  a878),  Mem.  G.  S.  I.,  Vol.  X,  p.  343. 
Tbkassbbim.— Jour.  As.  Soc,  Bengal,  Vol.  XII,  p.  238;  Mason,  Bev.  F.  (1850), 

Nat.  Prod,  of  Burma,  p.  29.  - 
Andaxait  IsLAHDe.— 0861-62),  Report  of  Proc,,  P.  W.  D.,  p.  32 ;  (1862),  Engineers' 

Journal,  Calcutta,  Vol.  V,  p.  61 ;  Ball,  V.  (1870),  Jour.  An.  Soc,  Bengal,  Vol. 

XXXIX  p.  238. 

KANKAR. 

Madbas.— CawpfteW,  J.  (1840),  Indian  Review,  Vol.  V,  p.  267 ;  and  (1843).  Cal.  Jour. 

Nat.  Hist.,  Vol.  in,  p.  26. 
Tbinchikopoli.— ^ianforrf,  JT.  F.  (1869),  Mem.  G.  8. 1.,  Vol.  IV,  pp.  207—210. 
Kadapah  ajid  Kabkul.— Jfn^r,  W.  (1872),  Mem.  G.  8. 1.,  Vol.  VUI,  p.  282. 
Bbkoal:  Bubdwan.— PttWtwyton,  ff.  (1855),  J.  A.  S.  B.,  Vol.  XXIV,  p.  212; 

Huffh^,  T.  W.  R.  (1874),  Rec.  G.  S.  I,  Vol.  VII,  p.  123. 
BiBBHUM.- JJWt/Ae*,  T.  W.  S.  (1874),  Rec.  G.  8.  I.,  Vol.  VII,  p.  124 ;  Ball,  T. 

(1877),  Mem.  G.  S.  I.,  Vol.  XIII,  p.  86. 
Cbktbal  Pboviwcbs  :  WjLRJ)B±.—Sughe$,  T.  W.  K.  (1874),  Mem.  G.  S.  I.,  Vol. 

Xm,  p.  113. 
Bombay.— JBuiW,  Br.  (1852),  Trans.  Geol.  Socy.,  Bomb.,  Vol.  X,  p.  220;  FooU,  B.  B* 

(1876),  Mem.  G.  8.  L,  Vol.  XII,  p.  268. 
Nobth-We8T  PsioyiscEB.—Mvrray-Thomson,  Dr.  (1872),  Prof.  Pap.  Indian  Engi- 

neering,  Vol.  I,  2od  Ser.,  p.  401 ;  Nielly,  A,  (1872),  Prof.  Pap.  Indian 

Engineering,  Vol.  I,  2nd  Ser.,  p.  162. 

CEMENT. 

Ihdia.— (1871),  Indian  Economist,  Vol.  11,  p.  276. 

BssQXL.—Dgoux,  P.  (1876),  Supp.  Gazette  of  India,  p.  86 ;  Nielly,  A.  (1875),  Prof, 

Pap.  Indian  Engineering,  2nd  Ser.,  Vol.  VI,  pp.  127  and  378. 
Punjab  :  KoHkr.— Wynne,  A.  B.  (1875),  Mem.  G.  S.  I.,  Vol.  XI,  p.  294. 
Nobth-Webt  Pbqtikcbs.— D^'otMT,  P.  (1873),  Prof.  Pap.  Indian  Engineering,  Vol. 

II,  2nd  Ser.,  p.  9. 
Assam.—  Prinsep,  J.  (1829),  Gleanings  in  Science,  Vol.  I,  p.  91. 

BABITE  OB  BABTTES. 

Madbas:  KA^BVVL.—Neiebold,  Capt,  (1868),  Madras  Jour.  Lit.  and  Sei.,  Vol.  XX, 

p.  280;  King,  W.  (1876),  Mem.  G.  S.  I.,  Vol.  VIII,  p.  273. 
RBWAH.-3faWe<,  F.  B.  (1874).  Mem.  G.  S.  I..  Vol.  VH,  p.  122. 
Rajptttana:  Ajmir.'^ Irvine,  Dr.  (1841),  Account  of  Ajmir,  p.  166. 

CELESTINE. 
PvKJMM.'^Blanfard,  W.  T.  (1841),  Mem.  G.  S.  I..  Vol.  XVII,  p.  196. 

SALT  (SODIUM  CHLORIDE). 

Madbas.— (1879),  Standing  Information  regarding  Administration  of  {he  Madras 

Presidency,  pp.  329-341. 
Maduba.— iVe^n,  J.  H.  (1868),  District  Manual,  Pait  V,  p.  40. 
Tbichixopoli  ahd  Salbm.— J/a»/orrf,  H,  F.  (1866),   Mem.  G.  8. 1,  Vol.  IV,  p. 

215 ;  King,  W.,  and  Foot*,  B.  B.  (1866),  Jdem,  p.  374. 


628  GEOLOGY  OF  IXDU. 

Chingleput.— Oofo,  C.  8.  (1879),  Diatriot  Manual,  p.  307. 

MT80BK.—  H^ne,  Dr.  (1814),  Tracts,  p.  46 ;  Administration  Reports,  1860  to  1871. 

Nbllobb.— 5o*wtfK,  J.  A.  C.  (1873),  District  Manual,  p.  67. 

Bell ARY.— Nicholson,  B,  (1872),  Madras  Monthly  Jour,  of  Med.  Sci.,  July,  p.  1. 

Htdbbabad.— Jfa/co/«i#o«,  Dr.  J.  (1833),  J.  A.  S.  B.,  Vol.  II,  p.  77. 

Obmsa.— Jf»//*,  A.  J.  M.  (1861),  Sel.  Rec.  Ben.  Govt.,  No.  HI,  p.  39 ;  Siekets,  H^ 

Sel.  Rec.  Ben.  Govt.,  No.  XXX,  p.  60 ;  (1876-77),  Beng.  Adm.  Rep.,  p.  166  ; 

and  (1877-78),  p.  169;  Hunter,  W.  W.,  Statistical  Account  of  Bengal. 
Bbkojll  gbnbballt. — Reports  of  Dept.  of  Inland  Customs ;  HunUr,  W.  W.,  Statistical 

Account  of  Bengal. 
TiRBJjr.— Stephenson,  J.  (1834),  J.  A.  S.  B.,  Vol.  Ill,  p.  188. 
SisvvRBAVS.—M'Clelland,  Dr.  J.  (1842),  Cal.  Jour.  Nat.  Hist.,  Vol.  II,  p.  261. 
Tamluk. — Anonymous,  Sel.  Rec.  Beog.  Govt.,  No.  XIII,  p.  1. 
Cbntbal  Pbotinces  :  CHi-HDA.— OWAaw,  Dr.  (1871),  Rec.  G.  S.  I.,  Vol.  IV,  p.  80. 
Nobth-West  PjtorintcjtB.^Stephenson,  J.  (1834),  J.  A.  8.  B.,  VoL  III,  p.  36 ; 

Burt,  Lieut.  J.  8.,  Op.  cit.,  p.  33 ;  Athinson,  E.  T.  (1876),  North-West  ProT, 

Gazetteer,  Vol.  Ill,  pp.  34,  37,  450. 
Rajputana.— -4«o»ymott*,  Gazetteer,  Vol.  I,  p.  17  ;  Sachet,  C.  A,  (1880),  Rec  G. 

8. 1.,  VoL  XIII,  p.  19. 
Jaipitb  :  Sambhab.— Pri«*<^,  J".  (1836),  J.  A.  S.  B.,  Vol.  V,  p.  798 ;  Adam,  J.  (1877), 

Stray  Feathers,  Vol.  I,  p.  363. 
Udepub.— (?«5Wn*,  C.  (1838),  J.  A.  S.  B.,  Vol.  VH,  p.  363. 
Alw AS.^Powlett,  Capt.  (1880),  Gazetteer,  p.  86. 

Meywab  :  Panchbadba.— Bi»meff,  Sir  A,  (1833),  J.  A.  S.  B.,  Vol.  II,  p.  366. 
Bombay.— Bmw^,  Dr.  (1862),  Trans.  Bomb.  Geol.  Socy.,  Vol.  X,  p,  219 ;  Adm.  Reports 

by  Govt,  of  Bombay. 
Sataba.— Oy»7t>y,  T.  (1867),  Sel.  Rec.  Bomb.  Govt.,  No.  XLI,  p.  178. 
Cambat.— CawpfttfW,  J.  M.  (1880),  Bomb.  Gazetteer,  Vol.  VI,  p.  208. 
Cvicu.— Wynne,  A.  B.  (1872),  Mem.  G.  S.  I.,  Vol.  IX,  p.  89. 
SiND.— (1855),  Sel.  Rec.  Bomb.  Govt.,  No.  XVII,  p.  705;  Baikes,  Capt.  S.  N.  (1866), 

Op.  cit.,   No.  IJV,  p.   60  ;  Blavford,  W.  T.  (1877),  Rec.  G.  S.  I.,  Vol.  X, 

p.  10. 
HuBMUZ,  IN  Pbbsian  GvLY.—Blanford,  W.  T.  (1872),  Rec.  G.  S.  I.,  Vol.  V,  p.  42. 
Afghanistan.— Jr««on,  Capt.  (1846),  Cal.  Jour.  Nat.  Hist.,  Vol.  VI,  p.  601 ;  Medli- 

cott,  H.  B.  (1880),  Proc.  As.  Soc.  Bengal,  p.  123. 
Salt  Rnaob.— Ain-i-Akbari,   Gladwin's  Ed.,  Vol.  II ;  Bumes,  Sir  A.  (1832),  J.  A. 

S.  B.,  Vol.  I,  p.  145 ;  Jameson,   Dr.  (1843) .    Op.  cit,,  Vol.  XII,  p.  183  ; 

Giraud,   Dr.  (1943),  Bom.  B.  Roy.  As.  Soc.,  Vol.  I,  p.  303 ;  Fleming,  Dr. 

Op.  cit.,  Vol.  XVII,  part  II,  p.  500,  and  Vol.  XXII,  pp.  229,  333,  444; 

Wynne,  A.  B.  (1878),  Mem.  G.  S.  I.,  Vol.  XIV,  p.  284;  and  (1880),  Op.  dt.. 

Vol.  XVII,  p.  92. 
KoHAT.— ir^nnc,  A.  B.,  and  Warth,  Dr.  H.  (1876),  Mem.  G.  S.  I.,  Vol.  IX,  p.  299, 

et  ante. 
GuBGAON  DiSTBiCT  :  SuLTANPUB. — Hume,  A.  O.  (1869),  Engineers'  Journal,  Calcutta, 

Vol.  XII,  p.  230. 
DkRJi\.ivQ.— Mallet,  F.  B.  (1875),  Mem.  G.  S.  I.,  Vol.  XI,  p.  91. 
AsQjM.—Dalton,  E.  T.,  and  Mannay,  Cols.  (1853),  J.  A.  S.  B.,Vol.  XXII,  p.  518; 

Bobinson,  W.  (1841),    Assam,  p.  33;  Hunter,    W.  W.   (1879),  Statistical 

Account  of  Assam,  Vols.  I  and  II. 


APPENDIX  E.  6S19 

BUKMA.    Adm.  Rep.  (1866-66),  p.  49 ;  and  1873-74,  p.  73 ;   Theobald,  W.  (1873),  Keo. 

G.  S.  I.,  Vol.  VI,  p.  67  and  (1873),  Mem.  G.  S.  I.,  Vol.  X,  p.  361  (1880) 

British  Barma  Gazetteer,  Vol.  I,  p.  416. 
Uppeb  Burma. — Strover,  Major  (1874),  Indian  Economist,  Vol.  V,  p.  14. 

SODIUM  CARBONATE. 

Madras  :  Salbm— OswwpfttfW,  Capt,  (1842),  Trans.  Bomb.  Geog.  Socy.,  Vol.  VI,  p.  163, 
and  Jonr.  As.  Socy.  Bengal,  Vol.  X,  p.  159. 

Mtsgrb.— ITeyM,  Dr.  (1814),  Tracts,  p.  45. 

Htdbeabad.— TTa/ifetfr,  Dr,  (1861),  Madras  Jour,  of  Lit.  and  Sci.,  Vol.  XVI,  p.  187. 

Bbrar  :  LoNAR  JjAKt.^Abdul  Fazl  (16th  Centary),  Ain-i-Akbari,  Gladwin's  Edn.. 
Vol.  II,  p.  60 ;  (1824),  Edinb.  Phil.  Jour.,  Vol.  XI,  p.  308,  with  Plate ;  Mai- 
eolnuon,  J,  G.  (1837),  Trans.  Geol.  Socy.,  Lond.,  2nd  Ser.,  Vol.  V,  p.  662; 
Orlebar,  A,  By  (1839),  Trans.  Bomb.  Geol.  Socy.,  Vol.  U,  p.  35 ;  New- 
hold,  Capt.  (1848),  Jour.  Boy.  As.  Socy.,  Vol.  IX,  p.  40 ;  Smith,  Dr.  G., 
Madras  Jour,  of  Lit  and  Sci.,  Vol.  JLYll,  p.  1 ;  Adm.  Rep.,  Hyderabad 
Assigned  Dist.  (1861-62),  para.  64 ;  and  1867-68,  p.  24;  Lyall,  A.  C.  (1870), 
Berar  Gazetteer,  p.  21 ;  Stanford,  W.  T.  (1870),  Rec.  G.  S.  I.,  Vol.  I, 
p.  62. 

Malwa.— iSZwar/,  Capt.  J.  (1819),  Trans.  Lit.  Socy.,  Bombay,  Vol.  HI,  p.  63. 

North -West  Provincbs  and  Oudh.— Inland  Customs  Dept.  Adm.  Reports. 

SODIUM  SULPHATE. 
Bbhar  and  North-West  Proyinces. — Inland  Customs  Department,  Adm.  Reports. 

EEH. 

India.— Sel.  Rec.  Govt.  India,  No.  XMI ;  Medlicott,  H.  B.  (1868),  Jour.  Roy.  As. 

Socy.,  Vol.  XX,  p.  326. 
North-Wbst  Provinces— Jlftfi/i«)«,  B:  5.  (1873),  Rec.  G.  S.  L,  Vol.  VI,  p.  12; 

and  (1880),  Vol.  XIII,  p.  273 ;  Center,  Dr.  (1880),  Idem,  p.  263. 

BORAX. 
KATTTWARp-^oee,  Dr.  (1787),  Sel.  Rec.  Bomb.  Govt,  Vol.  XVI,  pp.  129, 136. 
Kashmir  :  IhjQ^.— Cunningham,  Genl.  (1854),  Ladak,p.  236 ;  Mareadieu  (1855),  Sel. 

Pub.  Corresp.,  Punjab,  Vol.  II,  No.  12;  Sel.  Rec.  Govt.  India,  Vol.  VI, 

p.  191,  and  Vol.  XIV,  p.  38  ;  Stoiiczka,  F»  (1866),  Mem.  G.  S.  I.,  Vol.  V, 

p.  131. 
Thibet.— Herbert,  Capt.  (1SZ9),  As.  Res.,  Vol.  XVIH,  p.  234;  Atkinson,  K.  T. 

(1877)  Economic  Geol.,  Hill  States,  p.  33. 
Saltpetre  :  Madura — Nelson,  J.  M.  (1868),  District  Manual,  p.  24. 
Mtsorb.— JBicc,  L.  (1877),  Mysore  and  Cooig  Gazetteer,  Vol.  I,  p.  34. 
Nellore.— J5o«oc«,  J.  A,  C.  (1873),  District  Manual,  p.  67. 
GuNTUR,  8LC.—Heyne,  Dr.  (1814),  Tracts,  p.  312. 
Bengal  and  North- West  Provinces. — Vide  Reports  of  Inland  Customs  Dept.  and 

North-West  Provinces  Gazetteer,  Bengal  Adm.  Reports,  &c. 
Rajfutana  :  Alwar. — Powlett,  Major,  P.W.  (1878),  Alwar  Gazetteer,  p.  86. 
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CfTKU.—Wjfttne,  A.  B.  (1872),  Mem.  0.  S.  I.,  VoL  IX,  p.  88. 
Afohawibtak.— JTtt^foa,  Oapt.  (1846),  Cal.  Jour.  Nat  Hist,  Vol.  VI,  p.  602. 
Uppbk  Bubma.— fiSfrovar,  Major  (1876),  Indian  Economist,  Vol.  V,  p.  14. 

SYLVINE,  POTASSIUM  CHLOMDB. 

Punjab  :  Salt  Rangx— TtfcAernait,  Dr.  (1873),  Jahr.  der  k  k  Qeol.  ReicWnstalt, 
Vol.  XXni,  No.  2,  p.  136 ;  and  Rec.  G.  8. 1.,  Vol.  VII,  p.  64 ;  Wynne,  A,  B^ 
^  and  Warth,  Dr.  (1878),  Mem.  G.  S.  I.,  Vol.  XIV,  p.  80. 

SILICA,  ROCK-CBYSTAL. 

Tbichihopoli.— CtewipJe^^  Capt,  (1842)  Cal.  Jour.  Nat.  Hist,  Vol.  11,  p.  882 ;  BUm- 

ford,  m  F.  (1865),  Mem.  G.  S.  I.,  Vol.  IV,  p.  217 ;  King,  IT.,  and  Foote, 

B.  B.,  Idem,  f.  270. 
QovAYxm.— Campbell,  Capt.  (1842),  Cal.  Jour.  Nat.  Hist,  Vol.  II,  p.  282. 
Byd^rabav.— Walker,  JDr.  (1850),  Madras  Jonr.  of  Lit.  and  Sd.,  Vol.  XVI,|pp.  186- 

187. 
Cbntbal  Pbovinces  :  Sambalpub.— J5a^;,  V.  (1877),  Rec.  G.  8. 1.,  Vol.  X,  p.  183. 
Nobth-West  Pbovinces  :  Gurqaoju.— Racket,  C.  H.  (1880),  Rec.  G.  S.  I.,  Vol. 

Xm,  p.  250. 
VunsiJi.—Wynw,  A.  B.  (1878),  Mem.  G.  8. 1.,  Vol.  XIV,  p.  268 ;  Baden-Powell,  B. 

(1868),  Punjab  Products. 
KuLU .—Ca/»er<, «/".,  *  Kulu,'  p.  92. 

BuBMA--Jlfa*on,  Bev.  T.  (1850),  Nat.  Prod.,  Burma,  p.  18. 
Rbwa  Kastha:  Rutanpub  OB  Rajpipla.— fia»i»/^o«,  Capt.  (1681),  New  Account  of 

the  East  Indies,  Vol.  I,  p.  143  ;  Copland,  Dr.  J.  (1815),  Trans.  Lit.  Soc. 

Bomb.,  Vol.  I,  p.  289 ;  and  Trans.  Geol.  Soo.  Lond.,  Vol.  IV,  1st  Series, 

p.  447 ;  Hove,  Dr.  (1787),  Sel.  Eec.  Bomb.  Govt.,  No.  XVI,  pp.  49-61 ; 

Kennedy,  Dr.  B.  H.  (1826),  Trans.  Med.  and  Phys.  Soc.  Calcutta,  Vol.  Ill, 

p.  425  ;  Fulljames,  Lt.  J.  (1832),  Trans.  Geol.  Socy.  Bombay,  Vol.  I,  p.  74; 

Lord,  Dr.  P.  B.  (1835),  Jour.  Roy.  As.  Soc.,  Vol.  Ill,  p.  77  ;  Karl,  Bitter 

(1836),  Erdkunde,  Asien,  Vol.  VI,  p.  603  ;  Wallace,  Major  B.  (1854),  Sel. 

Rec.  Govt,  of  Bombay,  No.  XXIII,  p.  269  ;  Blanford,  W.  T.  (1869),  Mem. 

G.  S.I.,  Vol.  VI,  p.  219;  Campbell,^  J".  3f.  (1880),  Bomb.  Gazetteer,  Vol. 

VI,  pp.  11,  198. 
YikDi.— Campbell,  J.  M.  (1879),  Bomb.  Gazetteer,  Vol.  Ill,  p.  15. 
Ahmbdabad.— Cam^Ac//,  J.  M.  (1879),  Bomb.  Gazetteer,  Vol.  IV,  p.  22. 

FLINT. 

Madkas  :  Tbichinopoli .—5/a»/brrf,  H.  F.  (1866),  Mem.  G.  S.  I.,  Vol.  IV,  p.  213. 

Bellabt.— J5re/*aW,  J.  (1872),  District  Manual,  p.  95. 

Bombay  :  Dhabwab.— 2\r«c6oW,  Capt.  (1840),  Madras  Jour,  of  Lit.  and  Sci.,  Vol.  XI, 

p.  46. 
Afghanistan.— W>«we,  A.  B.  (1879),  Records  G.  S.  I.,  Vol.  XII,  p.  111. 
Punjab  :  BjLVUV.—Baden.Poicell,  H.  (1868),  Puiyab  Products,  p.  45. 

'  Mr.  Campbell  quotes  a  number  of  other  authorities  besides  some  of  those  aboTe  given 
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BiHOAL;  JAintkTvn.— Mallei,  F.  B.  (1872),  Records  G.  S.  I,  Vol.  V,  p.  22. 
TcBKisTAJf  :  Kabakash.— r«^,  Col.  (1871)»  *  Maroo  Polo,'  Vol.  I,  p.  177  j  Stoliezka, 

F.  (1874),  Rec.  G.  S.  I.,  Vol.  VH,  p.  61. 
BvEHk.- Hannay,   CoL,  and  Prinsep,  J.  (1837),  J.  A.  8.  B.,  Vol.   VI,  p.  266; 

Anderson,  Dr.  T.  (1871),  Expedition  to  Ynnan,  pp.  66,  827. 

ASBESTOS. 

ApoHANiBTAir.— TFyiin«,  A.  B.  a879),  Eec.  G.  S.  I,  Vol.  XH.  p.  111. 
FxjsjAS.—JBaden-Powell,  H.  (1868),  Puujab  Products,  p.  68. 
Noeth-West  Pbovutcbs  :  Gabhwal.— ^^iKiMtwi,  E.  T,  (1878),  Economic  Geology 
of  HiU  Tracts,  N.  W.  P.,  Punjab,  p.  34. 

BERYL— EMERALD. 

CoiMBATOBB.— iVeteJoW,  Capt,  (1840),  Edinb.  New  PhU.  Jour..  Vol.  XXIX,  p.  241 ; 

and  Madras  Jour,  of  Lit.  and  Sci.,  Vol.  XII,  p.  171. 
Mtsobb.— CZar/ttf,  Dr.  (1839),  Madras  Jour,  of  Lit.  and  8ci.,  Vol.  IX,  p.  121. 
Bbngal  :  Hazabibaoh.— J/a^/e<,  F.  B.  (1874),  Reo.G.  S.  I.,  Vol.  VII,  p.  48. 
PuKJAB  :  ^vvn.— Mallet,  F.  B.  (1866),  Mem.  G.  8. 1.,  Vol.  V,  p.  168. 
BuBiCA.— 3f<Mo»,  Bev.  F.  (1860),  Natural  Productions  of  Burma,  p.  28. 

GARNETS. 
Salbm,  Nilgibis  and  Mtsobb.— iVtftcftoW,  Capi.  (1843),  Jour.  Boy.  As.  Soc.,  Vol. 

VII,  p.  224 ;  Balfour,  Dr.  E.  (1867),  S«l.  Rec.  Madras  Govt.,  No.  XXXIX, 

p.  96. 
Htdbbabad.— Foyiey,  Dr.  (1833),  J.  A.  S.  B.,  Vol.  II,  p.  404 ;  Walker,  Dr.  (1848), 

Corbyn's  Indian  Review,  Vol.  VII,  p.  10;  Newhold,  Capt.  (1843),  Jour.  Roy. 

As.  Soc.,  Vol.  VII,  p.  224  ;  Walker,  Dr.  (1860),  Madras  Jour,  of  Lit.  and 

Sci.,  Vol.  XVI,  p.  186. 
Nbllobb.— i^oofc,  B.  B.  (1880),  Mem.  G.  8. 1.,  Vol.  XVI,  p.  164. 
KiSTNA,  KoNDAPiLLi.— ^»«5r,  W.  (1880),  Mem.  Geol.  Surv.  India,  Vol.  XVI,  p.  864. 
ViZAGAPATAif .— CbrmicAa*/,  D.  F.  (1869),  Vizag.  Dist.  Manual,  p.  164. 
Omaax.—Kittoe,  Lt.  (1839),  Jour.  As.  Soc.  Benjfal,  Vol.  VIII,  p.  372. 
BvakJt.—Shenoill,  Capt.  (1851),  J.  A.  S.  B.,  Vol.  XX,  p.  96. 
Chutia  Nagfub  :  Hazaribagh. — Piddington,  S.  (1860),  Jour.  As.  Soc.  Bengal,. 

Vol.  XIX,  p.  145 ;  and  XX,  p.  207. 
SiVQWBBVM.—Haughton,  Col.  J.  C.  (1864),  J.  A.  S.  B.,  Vol.  XXIII. 
Cbnxbal  Pbovincbs  :  UppBB  GoDAVABi.— 6rra»<,  O.  (1870),  Centl.  Prov.  Gazetteer. 
Rajputana.— lyaW,  Sir  A.  C,  Sel.  Rec.  Govt.,  Vol.  CXIX,  p.  67 ;   Haeket,  C.  A^ 

(1880),  Bee.  G.  S.  I.,  Vol.  XIII,  p.  246. 
Punjab  :  Siula.— Mallet,  F.  B.  (1866X  Mem.  G.  S.  I.,  Vol.  V,  p.  169. 
BvRMA.—Maaon,  Bev.  F.  (1860),  Nat.  Prod,  of  Burma. 

MICA. 
IsDik.—Anonymou*  (1838),  Indian  Review,  Vol.  11,  p.  786. 
Hadbas  :  ViZAOAPATAX.— Carm»rAa«;,  D.  F.  (1869),  District  Manual,  p.  154. 
Bbngal  :  HAZABiBAOH.—^refon,  Surgeon  P.  (1826),  Trans.  Med.  and  Pbys.  Sooy.^ 
Calcutta,    Vol.  II,  p.  261;    M'ClelUmd,    Dr.  (184»),   Report  on  G«ol. 
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Survey,  p.  20 ;  MalUt,  F.  B.  (1874),  Rec.  G.  S.  I.,  Vol.  VII,  p.  41 ;  Hunter, 

W.  W.  (1877),  Stat.  Ac.  of  Bengal,  Vol.  XVI,  pp.  161-164.  and  p.  171. 
BsHAB:  Gta  District— SAermll,  Capt.  (1861),  J.  A.  8.  B.,  Vol.  XX,  p.  295. 
CxNT&iL  Pbgvikcks:  Balaghat  Distbict.— Gran^,  C.  (1870),  Gazetteer  of  Central 

Provinces,  Vol.  XVUI. 
Bombat  :  Bbwa  Eakta  Dibtbict.— ^«/(7ame«.  Major  J.  (1862),  Sel.  Beo.  Bomb. 

Govt.,  No.  XXra,  p.  101. 

LAPIS  LAZULI. 
Rajputana':  AjmIb.— JrrMW,  Br.  (1841),  Topography  of  Ajmir,  p.  162. 
Afghamistan.— £it«o»,  Copt.  (1846) ,  Cal.  Jour.  Nat.  Hist.,  Vol.  VI,  604. 
Bapakshan. — Marco  Polo  (13th  Centy.);  Wood,  Lieut.  (1838),  Journey  to  the  Oxus, 
p.  263  ;  Baden^Povjell,  H.  (1868),  Punjab  Products,  p.  66. 

BUILDING  STONES. 

IKDIA.— 5aW,  F.  (1874),  Bee.  G.  S.  I.,  Vol.  Vn,  p.  98 ;  Daitwr*,  F.  C.  (1877), 
Information  for  Colonial  Engineers  (London,  Spon). 

SoTJTHBBN  lsj>ik.—Newbold,  Capt.  (1843),  Jour.  Boy.  As.  Socy.,  Vol.  VII,  p.  113. 

Madbab  :  Thichinopoli,  Sic.—Blatiford,  H.  F.  (1866),  Mem.  G.  S.  I.,  Vol.  IV,  p. 
203 ;  King,  TF,  and  Foote,  B.  B.,  Mem.  G.  8. 1,  Vol.  IV,  p.  367. 

Abcot.- Jbo/e,  B.  B.  (1879),  Rec.  G.  S.  I.,  Vol.  XII,  p.  207. 

NiuaiRia.—Blanford,  H.  F.  (1869),  Mem.  G.  S.  I.,  Vol.  I,  p.  244. 

KuBo.—Adm.  Rep.  (1870-71),  p.  40. 

Mysobb.— Adm.  Rep.  (1870-71),  p.  74;  (1872-73),  p.  112;  and  Gazetteer,  Vol.  II,  pp. 
3  and  341. 

Chinolipdt.— J^oo^e,  B.  B.  (1873),  Mem.  G.  S.  I.,  Vol.  X,  p.  131. 

Kadapah  and  KkRVVJ..—King,  W.  (1842),  J.  A.  S.  B.,  Vol.  XHI,  p.  386 ;  (1872), 
Mem.  G.  S.  I.,  Vol.  VIII,  p.  281. 

Obissa. — Anonymous  (1839),  Indian  Review,  Vol.  Ill,  p.  541. 

^ID^ kJfXSJL.— Anonymous  (1869),  Mem.  G.  8. 1.,  Vol.  I,  p.  276. 

Rajmahal  Hills.— Ba//,  V.  (1877),  Mem.  G.  S.  I.,  Vol.  XIII,  p.  82. 

Hkviglss.— Stanford,  W.  T.  (1864),  Mem.  G.  S.  I.,  Vol.  Ill,  p.  196. 

Man BHUM.— Pwfrftw^^on,  E.  (1855),  J.  A.  S.  B.,  Vol.  XXIV,  pp.  212  and  704; 
Hughes,  T.  W.  H.  (1866),  Mem.  G.  S.  I.,  Vol.  V,  p.  332  ;  Beng.  Adm.  Rep., 
(1878-79),  p.  164;  Ball,  V.  (1881),  Mem.  G.  8. 1.,  Vol.  XVIII,  p.  110. 

SiNOBHUM.— Ba«,  F.  (1881),  Mem.  G.  S.  I.,  Vol.  XVIII,  p.  150. 

Centbal  Pbovinces:  Nagpub. — Jenkins,  Capt.  (1829),  As.  Res.,  Vol.  XVIII 
pp.  198,  202. 

^L&T>Sk.— Hughes,  T.  W.  H  (1880),  Mem.  G.  S.  I.,  Vol.  XUI,  p.  114. 

Uajputana. — See  Gazetteers  of  the  several  States. 

Centbal  India  :  Gwaliob. — Cunningham,  Gent.  (1854),  Prof,  Pap.  Indian  Engineer- 
ing, Nos.  II,  IV. 

Bombay.— JSttM^  Dr.  (1851),  Trans.  Bomb.  Geol.  Socy.,  Vol.  X,  p.  217  ;  (1871-72), 
Bomb.  Adm.  Reps.,  pp.  364,  365.    For  separate  Districts  see  Gazetteer. 

Nabbada  YjiLLEY.—Blanford,  W.  T.  (1866),  Mem.  G.  8. 1.,  Vol.  VI,  p.  379. 

KoHLAPUB.— OaAaw,  Major  D.  C.  (1851),  Sel.  Rec.  Bomb.  Govt.,  No.  VIII,  p.  176. 

South  Mahbatta  Countby.— i?bo<<f,  B,  B.  (1876),  Mem.  G.  S.  I.,  Vol.  XII,  p.  256. 

CUTCH.— T»^«»e,  A.  B.  (1872),  Mem.  G.  S.  I.,  Vol.  IX,  p.  91. 


APPENDIX  E.  6«*2 

SiMD.— B^an/orrf,  W.  T.  (1880),  Mem.  G.  S.  I.,  Vol.XVII,  p.  194. 
Pdkjab  :  Bannu.  kc— Wynne,  A.  B.  (1880),  Mem.  G.  S.  I.,  Vol.  XVH,  p.  96. 
KoHAT.— lFy»»i<j,  A.  B.  (1876),  Mem.  G.  S.  I,  Vol.  XI,  p.  294. 
Salt  Rakob.— TF>»»e,  A.  B.  (1878),  Mem.  Q.  S.  I.,  Vol.  XIV,  p.  296. 
Himalayas.— lf(f(Wu?o«,  H.  B.  (1865),  Mem.  G.  S.  I.,  Vol.  lU,  p.  176. 

For  different  Districts,  se«  Gazetteer  of  North> Western  Provinces. 
Nobth-West  Pbovincbs  :  Kumaun.— .4<ifc«n*on,  E.  T.  (1877),  Economic  Geology  of 

Hill  District,  North-West  Provinces,  Pamph.,  Allahahad,  1877,  p.  36. 
AoBA.- Foy*cy,  H.  W.  (1825),  As.  Ees.,  Vol.  XV.  p.  429;  BoiUau,  Capt.  (1829), 

Gleanings  in  Science,  Vol.  II,  p.  168. 
ViNDHTAK    UkVQU.-^  Anonymous  (1841),  Indian  Eeview,  Vol.  V,  p.  679;  Owen, 

T.  E.  (1864),  Prof.  Pap.  Indian  Engineering,  Vol.  II,  p.  81 ;  Mallet,  F.  S, 

(1871),  Mem.  G.  S.  I.,  Vol.  VII,  p.  116. 
BATUiLiVQ.-MalUt,  F.  R.  (1876),  Mem.  G.  8. 1.,  Vol.  XI,  p.  89. 
Assam.— (1861^2),  Report  of  Procd.,  Public  Works  Department,  p.  33. 
BUBMA.— Admn.  Bep..  1863-64,  p.  56,  and  1864^66,   p.  49 ;  Theobald,  W.  (1873), 

Mem.  G.  S.  I.,  Vol.  X,  p.  840 ;  British  Bnrma  Gazetteer. 

SLATE. 

IKDIA.— OWAaw,  Dr.  T.  (1881),  Jour.  Roy.  As.  Socy.,  Vol.  XIX,  Ist  Ser.,  p.  31 ;  and 
.  Fngineei-s'  Journal,  Calcutta,  Vol.  IV,  p.  164;  Balfour^  Dr.  E.  (1873), 

Cyclopeedia,  .4r<.— Slate. 
Mysobb.— (1868-69),  Adm.  Rep.,  App.,  p.  4. 
Eadapah  and  Kabnul.— OWAam,  Dr.  T.  (1861),  Engineers'  Jour.,  Calcutta,  Vol.  IV, 

p.  23  ;  King,  W.,  Mem.  G.  S.  I.,  Vol.  VIII,  p.  283. 
Bb50AL  :  Ehasakfub.— Ain-i-Akbari,  Gladwin's  Ed.,  Vol.  II,  (1829) ;  Gleanings  in 

Science.,  Vol.  I,  p.  282  ;  ^henoilly  Capt.  W.  8.  (1846),  J.  A.  S.B.,  Vol.  XV, 

p.  56. 
Manbhum  and  Sinohbhum.— 5a//,  V.  (1881),  Mem.  G.  S.  I.,  Vol.  XVni,pp.  62, 90. 
Cbntbal  Pboviitcxs  :  Raifub. — 1866-67,  Admn.  Rep..  C.  P.,  p.  80. 
Bbbab.— //ya//,  A.  C.  (1870),  Gazetteer  of  Berar,  p.  27. 
Rajputana  :  Alwab. — Fowlett,  Major  (1878),  Gazetteer  of  Ulwar,  p.  86. 
BouBXY.—Blanford,  W.  T.  (1869),  Mem.  G.  S.  I.,  Vol.  VI,  p.  217 ;  FooU,  B.  B, 

(1876),  Mem.  G.  S.  I.,  Vol.  XII,  p.  262. 
Punjab.— JS^ane,  Capt.  (1828),  Trans.   Roy.  As.  Socy.,  Vol.  I,  p.  61 ;  Medlicott, 

H.  B.  (1866),  Mem.  G.  S.  L,  Vol.  lU,  p.  176 ;   Campbell,  C.  (1867),  Prof. 

Pap.  Ind.  Engineering,  Vol.  IV,  p.  257;  Baden-Powell,  S.  (1868),  Punjab 

Products. 
Nobth-Wbst  Pbovincbs  :  KvMkvy. —Rvghes,  T.  W.  H.  (1870),  Rec.  G.  S.  I.,  Vol. 

Ill,  p.  43  ;  Atkinson,  E.  T.  (1877),  Economic  Geology  of  Hill  Districts, 

p.  36. 
DABJiUNO.-iKa//e<,  F.  B.  (1875),  Mem.  G.  S.  L,  Vol.  XI,  p.  90. 

LITHOGRAPHIC  STONES. 
India. — Boileau,  Capt.,  and  Frinsep,  J.  (1S29),  Gleanings  in  Science,  Vol.  I,  pp.  65 

and  295. 
UjLDUB.^Balfour,  Dr.  E.  (1855),  Sel.  Rec.  Madras  Govt.,  No.  II,  p.  38;  and  (1867), 

Op.  cit.,  No.  XXXIX,  p.  80. 
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BBUAA.—Mallet,  F.  B.  (1871),  Mem.  G.  S.  I.,  Vol.  VII.  p.  US. 

Rbwah.— 5AoHmlc,  Capt,  (1843),  J.  A.  8,  B.,  Vol,  XH,  pp.  1027  and  1121 ;  SUmaH^ 

Capt.  (1844),  Op.  eiU  Vol.  XIH,  p.  6a 
Baipur.— (1876-77),  Adm.  Eep.,  Cent.  Ptot.,  p.  80. 
Bajputaka:  Jksalmu.— Pm7eaK,  CapU  and  Prituept  J.  (1829),  Gleaninj^  in  Sci., 

Vol.  I,  p.  65 ;  and  (1831),  Op.  eit.,  VoL  III,  p.  107 ;  (1839),  IndUn  Review, 

VoL  m,  p.  4. 
Bombay  :  'KkLx.i>Qi,—Neu)bold,  Capt.  (1842),  J.  A.  S.  B.,  Vol.  XI,  p.  949;  Aytoun^ 

Capt.  (1864),  Trans.  Bomb.  Geogl.  Soc.,  VoL  XI,  p.  43;  Foott,  B.  B.  (1876),. 

Mem.  G.  8. 1.,  Vol.  XII,  p.  266. 
Ttjv JAB.— Baden-Powell,  ff.  (1868),  Punjab  ProdudB. 

MILLSTONES. 

Bombay:  Kaladoi.— Jbofe,  B.  B.  (1876),  Mem.  G.  S.  I.,  Vol.  XII,  p.  62. 
CoTCH.— TFy»»e,  A.  B.  (1862),  Mem.  G.  S.  I.,  Vol.  IX,  p.  91. 

GRINDSTONES. 
Madmas.— Balfour,  Dr.  E.  (1867),  Sel.  Bee.  Madras  Govt.,  No.  XXXIX,  p.  69. 

POTTEEY  CLAYS. 

IHDU.— PrMi*«p,  J.  (1833),  J.  A.  S.  B.,  VoL  H,  p.  209 ;    Balfbur,  Br.  (1873>, 

Cydopsedia,  Art. — Pottery ;  Birdwood,  Dr.  (1880),  Indostrial  Arts  <>f  India. 

Tbichimopoli&South  Aecot.— J5ton/orrf,5.  J*.  (1866),  Mem.  G.  8.  I.,  VoL  IV, 

p.  12. 
North  Abcot.— J^oo^e,  B.  B.  (1879),  Bee.  G.  8. 1.,  Vol.  XII,  p.  207. 
Chikglbput.— Jbo*«,  B.  B.  (1873),  Mem.  G.  S,  I.,  Vol.  X,  p.  132. 
^Ysoun.— Campbell,  Capt.  (1841),  J.  A.  8.  B.,  Vol.  X,  p.  163  ;  and  Trans.  Geog.  Socj. 

Bomb.,  VoL  VI,  p.   163;  Bice,  L.  (1876),  Mysore  and  Coorg  Gazetteer, 

VoL  n,  p.  4. 
Mangalobe.— CAm^w,  Dr.  (1841),  J.  A.  S.  B.,  Vol.  X,  p.  967. 
Obissa.— ufnoTiywow*  (1859),  Mem.  G.  8. 1.,  Vol.  I,  p.  279. 
Bbngax. — O'Shaughnessy,  Dr.  (1839),  Bengal   Dispensatory  and  Pharmac<epia,  p. 

700;  Hunter,  W.  W.  (1877),  Statistical  Account  of  Bengal. 
Rajmahal,  &c.— Oldham,  Dr.  T.  (1844),  J.  A.  S.  B.,  VoL  XIII,  p.  281 ;  Ball,  V. 

(1877),  Mem.  G.  S.  I.,  VoL  XIII,  p.  86. 
Kakiganj. — Anonymous  (1868),  Engineers'  Journal,  Calcutta,  VoL  XI,  p.  62. 
Nobth-West  Pbovinces,  Fabakhabad. — Ptfle,  J.  C.  (1842),  Cal.  Jour.  Nat.  Hist., 

Vol.  n,  p.  593,  and  (1843),  Vol.  Ill,  p.  152. 
Bombay  :  Kholapub.— Jftyor  D.  C.  (1854),  Sel.  Rec.  Bombay  Govt.,  No.  VIII,   p. 

233. 
Punjab.— Baden-Powell  (1868),  Punjab  Products,  p.  25 ;  and  (1872),  Punjab  Manu- 
factures, p.  220-239. 
D^LUi. ^Hacket,   C.  (1880),  Recoi-ds  G.  8.  I.,  VoL  XIII,  p.  244. 
DAUJiLiyo.— Mallet,  F.  B.  (1875),  Mem.  G.  8. 1.  VoL  XI,  p.  90. 
Assam.— ^rttce  (1833),  J.  A.  8.  B.,  VoL  II,  p.  438;  Hannay,  Cb/.  (1859),    Mem. 

G.  8. 1.,  VoL  I,  p.  91 ;  and  (1856),  J.  A.  S.  B.,  VoL  XXV,  p.  336. 
BvBMA.— Theobald,  TT.  (1873),  Mem.  G.  S.  I.,  VoLX,  p.  341;  (1880),  Gazetteer  qf 

British  Burma,  Vol.  11,  p.  65. 


APPENDIX  E.  635 

FIRE  CLAYS. 

Rakigahj.— Jferf/Kwrt,  ff.  B.,  and  Hughes,  T.  W.  H.  (1876),  Record*  G.  S.  I.,  Vol 

VllI,  p.  18. 
Chanda.— Jn^Atf*,  T.  W.  H.  a877),  Mem.  G.  S.  I.,  Vol.  XIII,  p.  114. 
l&LViMkUi.—Anonymou9  (1842),  Cal.  Jour.  Nat.  Hist,  Vol.  II,  p.  596. 

BRICKS. 

India. — The  most  important  information  on  this  subject  is  contained  in  a  number  of 
papers  published  in  the  Rurki  Professional  Papers  on  Indian  Engineering , 

PULLER'S   EARTH. 

Htdxbabad.— ^ey»ie,  Br.  (1814),  Tracts,  p.  273. 

Rajputaita:  kiULi^.— Irvine  Dr.  (1841),  Topography  of  Ajmir,  p.  166. 

BiEANiB.— Poipfert,  Major  (1878),  Gazetteer  of  Bikanir,  p.  97. 

Bombay  :  9ivj>.— Blanf or d,  W.  T.  (1880),  Mem.  G.  8. 1.,  Vol.  XVII,  p.  195. 

Punjab  :  Deba  Ghazi  Khan  and  Hoolt ky.—Poilock,  Capt.  (1868),  vide  Punjab 

Pro(iucts,  p.  24. 
Salt.Range.— F^niwr,  A.  B.  (1878),  Mem.  G.  S.  I.,  Vol.  XIV,  p.  300. 
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Vocabulary  of  Hindustani  Mineralogical  and  Mining  terms,  ^e, 

Abrak—TAicak,  oommonly  but  incorrectly  called  Talc 

Agar— Psa  for  eTaporation  in  the  saltpetre  mannfaotnre. 

^^afc.— Qtiick  Ume. 

JKfe— Camelian,  Agate,  &o. 

iCinuitf— Diamond. 

Mahar'^Lit.,  giant's  bone ;  applied  to  cellular  travertin. 

BiZaw— Bock  crystal. 

BiUhmi  Sc^'i— Devil's  (inferior)  sajji  {*.«.,  sodium  carbonate). 

C^liMnali;— Flint. 

Chamak pathar—Magaeiio  oxide  of  iron. 

CWnd^- Silver. 

Chikni  matti— Clay,  fire-clay. 

CMki— Applied  to  open  superficial  workings  as  those  for  diamonds  at  Panna. 

0U{<— Bloom  or  ball  of  iron  (Bandelkhand). 

CMknd — Lime. 

Ch&nri—Qamei- 

Ddr  Chikni — Corrosive  sublimate. 

Dftdo— Iron  ore  in  form  of  sand. 

Dhdt  or  Dhdnt— Metal. 

DkHdid  pathar— Opal. 

Duin  or  Drun^- Wooden  cradle  used  by  gold-washers. 

Fan— A  whetstone. 
Fastiki—A  kind  of  emerald. 
Ffrozo— Turquoise. 

C?ac?i.— Gypsum.    Mortar. 

Oandhak  ha  <e2-<»6— Sulphuric  acid. 

Qdrd — Mud. 

(?erfi— Red  ochre. 

Qhaira — Deep  mines. 

Qhori — White  carnelian  ;  a  kind  of  porcelain. 

CHri.    Bloom  or  ball  of  iron. 

Qodant — Gjrpsum.    Alabaster ;  also  yellow  orpiment. 

Qomed  sannibh — Chalcedony  or  opal. 

G«cr— (Thibetan)  gold. 

Gii/midafc— Hyacinth  (i.e..  Zircon)  or  an  imitation  of  it . 

Hartal — Orpiment. 

Hird — Diamond. 

If <r<i.  fca«<s— Copperas . 

Jngdni — Oxide  of  manganese. 
l«pdt--Steel. 
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Jamadni—An  allcftline  earth  or  soil. 
Jowt— Zinc,  pewter. 

/Mnuf— Pamioe  atone.    Vitrified  brickfl. 
Jor— Belows  of  an  iron  f  nmaoe. 

Kdhi — Iron  sulphate. 

„    Zdl— Bichromate  of  potash. 

„    tfuffi— Sulphate  of  iron  earth. 

,t    «aix— Impure  green  ritrioL 

„    (c^^d— White  anhydrous  iron  STilphate. 

„    «ty<i— Black  iron  sulphate. 

„    «ard— Yellow  yariety  of  Eahi  safed. 
Kah-ruba—Amhet.    Lit.,  grass  attraotor. 
Kdkri — Qrayelly  matrix  of  diamond  at  Panna. 
KaUU — Whitening ;  also  slaked  lime. 
iTolar— Saline  effloresoenoe — Reh. 
Kdm  or  IChan — A  mine. 
£'anfca«'— A  pebble :  Nodular  limestone, 
finch— Glass. 

ITar^ho— Iron-furnace  tongs. 
JTarn— A  varied  of  gypsum  from.  Spiti. 
Kdt($ — Copperas  or  iron  sulphate. 
Katouti—Qo\d  washing  trough  used  in  Moradabad. 
KayOf—AJloj  of  zinc,  tin,  and  copper. 
Khddar— Low  or  alluvial  land  near  banks  of  rivers. 
IC^I^DuBt. 

£7u2r— Alkali,  potash,  or  soda. 
KImH  matW— Chalk  or  white  clay.    Pipe  clay. 
Khdti—  lit.,  Cutters,  quarrymen. 
JCheri—A.  kind  of  iron  or  steel. 
JT^if— Slag  from  iron  furnace,  Bundelkhand. 
Kira.9i—A  kind  of  emerald. 
Koela — Coal,  properly  oharooal. 
Kulhdri—Ax0. 
JBTurttnd— Corundum. 
£yari— Shallow  pan  for  evaporating  salt. 

Ldiri-'Aji  inferior  ruby  or  garnet. 

Le^'uxird— Lapis  lazuli. 

Ldl-Euby. 

£a«nty(in.— Cat's  eye. 

Lohd — Iron. 

Lohdr—  Blacksmith. 

Lohi  cWr— Iron  filings. 

Ion— Salt. 

£o7ia]k/Mir— Cyanide  of  potassium. 

Mfv-Salt. 

Jfdkol— Granular  gypsum. 
JfiniJb— Suby. 

Ifanfcti— Cut  agates  and  beads,  ^. 
Matti  led  t«l— Earth-oil,  petroleum. 
Mikndt%$ — Magnet  or  loadstone. 
Must  «e^ea— Oxide  of  zinc. 
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Mi98i  ai/yd — Oxide  of  toanganeBe. 

Mitti  kd  <0l— Petroleum. 

MitH  whz  ilc7utHd<fni— Fuller's  earth. 

Momdyai —  Lit.,  Mnmmy-like,  asphalt,  bitnmen  is  used  as  a  drofr*' 

Multdni  motti— Puller's  earth. 

Moroi— Iron-reflning  furnace. 

^ar— Iron  fomaoe. 

mia  ihothd-B\ne  vitriol. 

IfUam  -Sapphire. 

NU  lotlayiH— Blue  f  errooyanide  of  iron. 

NimakStiit. 

Pa^r— Hill,  sometimes  used  teohnioaUy  by  miners,  as  'country'  is  by  European  miners, 

meaning  useless  matrix,  Ao. 
Panruf— Emerald. 
Pdrd — Mercury* 
Patthar — Bock,  stone. 
Patthar-i-artish — Fireworks. 
Popri— Any  thiiMhell  like  substance,  is  applied  to  thin  encrustations  of  salt  on  margins  of 

lakes. 
PWiWri— Alum. 
Phtd  Dfcfcfu— Bismuth  P 
Pili  wt«i— Yellow  ochre. 
Pfeol— Brass. 
Pttfcfcrrfi— Topas. 
Pi.ng  (in  Assam)— A  spring  of  oil  or  salt,  &c. 

Rdg—A  flaw  in  a  jewel. 

Raihani'-A.  kind  of  emerald. 

ii<fl— Fitch,  resin. 

R<mgd—8o\der. 

Rangor-Tm  used  for  lining  copper  vessels. 

Ratan — A  jewel,  a  precious  stone. 

Reg-tila — Auriferous  sand. 

Reh—S&Mne  efflorescence  in  the  soil. 

Eef-Sand. 

22o/n— Bell-metal. 

Rol — Alum  shale. 

B/fprf— Silver. 

Riipamakhi — Iron  pyrites. 

Sa6«<f— Emerald. 

Sa/edd—lie&i  carbonate. 

Safedsond — Platinum . 

8hail — Slate  or  schist,  a  mountain. 

Sa'i^— Cobaltite,  the  so-called  Syeporite. 

Soyt— Sodium  carbonate. 

Bdldjit — Alum.    Lit.,  sila,  a  stone  and  jit  essence  :  sometimes  applied  to  lignite  or  bitnmen. 

Bandhdb—Rock  salt. 

Bandhur — Bed  lead. 

Bang-i-aMk—CajmeVion. 

„     a«s?iar— Silica. 

„     ^siya — Millstone  grit. 

1  The  original  drag  is  said  to  have  been  prepared  from  Egyptian  mommiea,  and  tubscqiiently  to  hare 
been  prepared  by  boiling  down  and  extracting  the  essence  of  Abyssian  boys.  Sinie  this  last  source  of 
aupply  baa  become  scarce,  natural  bitaminoos  exudations  have  been  substituted. 
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Son^-t-lMwri— Zine. 

„     Chahmak—TA&gxiBiaio  iron. 

„     irmaU—A  fossil. 

„     jardhai — A  fossil. 

„     je^namr-Lit.,  hell-stone,  Innar  oamtio. 

„     larton — Flexible  sandatone. 

„     marmar — Marble. 

„      mehtah — Garnet. 

„     muffa— Jet,  a  black  stone. 

„     j>alaun— Frenob  obaik. 

„     jpaihanni — Bloodstone. 

„     »oJ»— Silicate  of  iron  P 

„     •^adtui^'— Nnmmniite. 

„     Mtoro — Arentnrine  qaarb. 

„     SuloModni — Onyx,  &o. 
Sanbyc^— Arsenic. 
&mrsi— Iron  tongs. 
Behta — See  Baiia> 
Shahdb—THeiioor. 
8hangarf—Ciajia.hax,  rermiUoa. 
fiTuMtikanr^i— Fire-clay. 
Bhord  ibalmi— Saltpetre  (refined). 

8il — Stone  for  grinding  paints,  Ac.,  sharpening  knires,  Ao. 
Stlfcari— French  chalk  or  steatite. 
8(md — Mercnry. 
Bisd-IaetA. 
8ohdgd—Bonx. 
Sond— Oold. 

Sonmdkki^-CappeT  pyrites  or  ohaloopyrite. 
Sttrb— Lead. 
8urkh( — Founded  brick. 

fiurmi— Stibnite  or  antimony  sn^hide,  inoorreoMy  ^[>plied  to  galena. 
„        I^oAarM— Micaceous  iron. 
„        «<^ed— Iceland  spar. 
Suit— Brine  well,  Bajpatana. 

Taba$k(r—A  silicions  secretion  in  bamboo. 

Tdmd  —Copper. 

Tdmrd—  Oamet. 

Tajudla — Smoky  quarts. 

Tel  yondfcafc— Petroleum. 

Texdb  gwidhdk — Sulphuric  add. 

„     nirnak — Hydrochloric  acid. 

„     a/wrrf— Nitric  acid. 

„         „       ioa  f  a/ii— Nitromuriatic  add  or  aqua  r^fia. 

„      nrhe  led — Acetic  acid. 
TrunP— Cradle  for  gold-washing  on  Indus. 

TdMt — Spinel,  garnet. 

Tdbit  rumdni — A  first-class  ruby. 

Famwi— Agate  or  pebble. 

roaHm^DilTerent  green  stones,  jade,  prase,  Ac. 

Zahr  muTura — ^Lit.,  poison-kiUer,  serpentine. 
Zan^eCr— Verdigris,  rust. 
ZwnvrMd— Emerald. 
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Val%ei  of  certain  Weigkii,  Measuret  awl  Coin*  mentioned  in  this  Volume, 
ChUdnk  (Chittaek)=l  <n.  17^  dwt.  troy. 

¥anam — A  coin,  Bometunes  gold>  formerly  used  in  Sontiieni  Indift ;  Taloe  two  pence  aoeoid- 
ittg  to  Heyne,  bat  it  viried. 

Oow-  An  old  measore  of  distmnoe  in  Jfadns;  it  wu  equal  to  ag)it  n^les. 

HUk — Calnt.  A  Kmiewhat  variable  nnit  of  meaanrcment,  being  equal  to  the  dirtanoe  from 
the  elbow  to  the  tips  of  the  fingers,  to  which  is  sometimes  added  the  breadth  of  the 
pa]m,<— say  in  all  from  18  to  20  inches,  sometimes  even  22  inches. 

Kaudf — A  Southern  India  nnit  of  wiright  -•  600  lbs.,  but  varies  locally. 
IToff— A  measure  of  distance  equal  to  two  miles,  but  varies  between  \\  and  8. 

Maund  (sian) — The  Qovemment  mannd= 40 seers,  or  82|  pounds;  there  are  therefore  about 
27  i  maunds  in  a  ton.    The  values  of  local  maands  vary  from  16  seers  upwards. 

Pagoda — A  gold  coin  worth  Ss.  9d.,  but  varies  locally. 

J2a<»^Supposed  to  be  equal  to  the  weight  of  the  seed  of  the  Ahmt  preeaioriout.  The 
true  value  lias  varied  much  from  time  to  time.  According  to  Tavemier  in  1065 
and  Captain  Hamilton  in  1727,  it  weighed  3^  grains  (see  page  21).  Mr.  Thomas 
says  the  old  Hindu  rati » 175  grwns,  and  in  Akbar's  time  1-9375  grains.  At 
present  it-l'SS  Troy. 

Tikal—A.  Burmese  coin = Re.  1-4  annas,  say  2$.  6d. 

Tola^l  dwt.  12  grains  Troy. 

Viu^A.  Burmese  unit  of  weight— 3*6516  lbs. 

The  following  table  gives  the  equivalents  both  in  troy  and  aToirdupois  of  the 
standard  weights  in  British  India  :~- 

=    H  g™i>^  t^roy  "      T^fs  dr.  avoir. 
■=11  =      J' 

-7  dwt.  12    „  -  ^^  „     „ 

=  loz.l7idwt.„    «=    2,V  oz-        M 
=      2*  lbs.         „    -    2-^    lbs. 
=  100     „  „    -  82"4      „ 

35  Seers  are  exactly  equal  to  72  lbs.  avoir.,  and  the  ton  contuns  27*23  maunds. 


1  Dhan  or  grain 

4  Dliuns 

-  1  Rati 

8  Kutis 

<=  1  Masha 

12  Maslias 

=  1  Tola 

5  Tolas 

=  1  Chittack 

16  Chittacks 

=  ISoer 

40  Seers 

=3  1  Maund 

/ 
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PART  I.-SDBJECTS. 


A. 


PAOB 


Agate,  see  Carnelian 

.      503 

Alum  (Qenend  Remarks) 

431,  623 

„     Afghanistan  . 

.      434 

„     Assam   . 

435 

„     Banna 

.      434 

„     Behar    . 

.      431 

„     Banna  . 

.      435 

„     Cutoh    . 

.      432 

„     Jaipur  . 

.      431 

„     Kamann 

.      434 

„     Nepal    . 

.      485 

„     North- Western  Province 

«             434 

„     Punjab 

434 

,,     Rajputana 

.      431 

„     Salt  range 

.      434 

„     Sind 

.      433 

Amber  (Qeneral  Remarks) 

57,  598 

ft     Burma 

.        67 

Amianthas,  see  Asbestos . 

.      518 

Anhydrite        .        ,        .        . 

.      464 

Antimony  (Oeneral  Remarks) 

163,607 

„        Afghanistan    . 

164 

„        Ajmur 

164 

„        Balochistan 

.      164 

„        Bengal    .        . 

.      164 

,        Borneo    . 

167 

„        Barma    . 

166 

,        Dera  Ghazi  Ehaii    . 

166 

,        Kangra   . 

.      166 

,        Kashmir 

165 

Kabul      . 

.      165 

,        Madras    . 

.      164 

,        Mysore    . 

164 

,        Peshawar 

.      166 

,        Punjab    . 

165 

,        Rajputana 

164 

,        Simla 

166 

Spiti 

166 

.      .  PAGE 

Antimony,  Straits  Settiements  167 

»       '  Tenasserim  iqq 

u         'Vlzagapatam .  164 

Apatite  (General  Remarks)  .  464,  625 
„  Bengal  ....  455 
„     Hazaribagh  455 

Aquamarine,  see  Beryl. 

Arsenic  (General  Remarks)  .  162,  606 
„  Burma  ....  162 
„      imports  .672,  575 

„  Kumann  ....  162 
„      North-West  Provinces .        .      162 

Asbestos  (General  Remarks)  .  518,  631 
„        Afghanistan  .619 

Bengal  ....  619 
„        ChutiaNagpur  6I9 

„  Garhwal  ....  619 
„        Madras  .619 

Mysore     .  .519 

„        Punjab  .        .619 

„        Salem       .  .519 

Authoritiee,  references  to        .        .      697 

B. 

Balas  ruby,  see  Spinel      ,        .  429 

Barite    or  Baryte    (General     Re- 
marks)     .  473,  627 
.      474 
.      473 
.      473 
.      473 
.      474 
.      474 
.      473 
538 
519,  631 
521 
.      521 
521 


„      Ajmir 

„      Central  Provinces 

„      Kamul 

„      Madras 

„      Punjab 

„      Rajputana    . 

„      Rewah . 
Basalt,  as  a  building  stone 
Beryl  (General  Remarks) 

„    Ajmir     . 

„    Bengal   . 

„    Burma    . 
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Beryl,  Coimbatore  ....  620 
„  Hazaribagh  ....  621 
„      Madras  ....      620 

„      Punjab 621 

„     Rajputana     ....      621 

Bismuth  (General  Bemarks)  163,  606 

„        Bengal      ....      163 

„        Burma       ....      163 

Mandi  SUte  .163 

Nepal        ....      163 

„        Punjab      ....      163 

Borax  (General  Bemarks)  498,  629 

„     imports  .  .     672—675 

„     Kashmir        ....      498 

„      Kattywar       ....      498 

„     Thibet 499 

Brass,  imports  .        .     684—687 

Brick-clays  (General  Remarks)      669,  635 
Building    stones      ( General      Be- 
marks)      .      632,  632 
„  basalt        .  638 

gneiss  .      634 

granite  .      634 

imports  680,  683 

laterite      .  649 

limestone  .  456 

marble  465 

quartzites  .  548 

sandstone  .  540 

serpentine .  446 
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Monghyr 

.      290 

Jade  (General  Remarks)  . 

616,  631 

»» 

Nagpur 

.      298 

„    Bengal    .... 

.      517 

» 

Nepal    . 

.      308 

„    Burma  (Upper) 

.      518 

>t 

North-West  Provinces 

.      308 

„    Mirzapur 

.      617 

>* 

Palnad  . 

.      285 

„    Turkestan 

.      617 

»» 

Panch  Mahals 

.      301 

Jadeite  (General  Remarks) 

.      616 

n 

Punjab .        .        .        . 

.      303 

Jasper 

.      603 

»» 

Rupur  . 

296 

K. 

>i 

Rajputana 

.      299 

Rewah  . 

298 

Kankar  (General  Hemarks) 

471,  627 

j> 

Sambalpur 
Shan  States  . 

.      295 

Kaolin,  see  pottery  clays. 

9* 

310 

Kieserit*,  Salt-range 

437 

Simla    . 

304 

Kyanite  (General  Remarks) 

.      530 

>» 

Sirguja 

294 

L. 

»> 

Sirmur  . 

.      306 

Lapis  Lazuli  (General  Remarks) 

528,  632 

)» 

Sonthal  Parganas  . 

.      286 

„            Badakshan 

.      529 

„ 

Tenasserim    . 

.      309 

Laterite,  as  a  building  stone     . 

.      549 

„ 

Udepur. 

301 

Lead  (General  Remarks)  . 

281,  614 

Lime 

imports  .         .         .         . 

576—679 

„      Afghanistan  . 

301,  302 

Limestone  (General  Remarks) 

455,  626 

„      Ajmir    .... 

.      299 

,         Afghanistan 

.      466 

„      Alwar    .... 

.      301 

,          Ajmir 

464 

„      Assam  .... 

.      309 

,          Alwar 

463 

„      Balochistan   . 

301,  302 

,         Andamans 

470 

„      Bellary 

.      285 

,         Arakan 

469 

„      Bengal  .... 

.      286 

,         Assam 

469 

„      Bhagalpur     . 

286,  288 

,          Bengal 

458 

„      Bombay 

.       301 

Baluchistan     . 

466 

„      Bundelkhand 

.      298 

Bombay 

465 
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PAGE 

Limestone, 

Bnnna 

469 

Lithographic  stone,  Eamul 

.      657 

» 

Burma  (Upper)  . 

470 

f* 

„          Madras 

.      557 

»» 

Central  India 

.      463 

ff 

„         Punjab 

.      669 

»f 

Central  Pronnoei 

1       .      460 

ff 

„         Raipur 

.      658 

f* 

Coimbatore 

.        .      457 

ff 

„         Ri^jputana      .      668 

*» 

Cutch . 

.      466 

ff 

„         Rewah 

.      658 

>t 

Darjiling     . 

.      467 

tt 

Dharwar 

.      466 

HL. 

» 

Garhwal 

467 

Magnesite  (General  Remarks) 

.      438,  623 

.  »» 

Gontor 

•       .      457 

ff 

Madras 

.      438 

•• 

Gnzerat 

.      466 

ff 

Salem  . 

.      438 

n 

Gwalior 

.      463 

Manganese  (General  Remarks) 

1      826,  616 

»» 

Hazaribagh 

.      459 

ff 

Alwar  . 

.      331 

»» 

Jabalpur     . 

.      460 

»f 

Amraoti 

.      831 

»» 

Jaipur 

.      463 

ff 

Bengal. 

.      828 

n 

Jesalmir 

.      464 

ff 

Berar  . 

.      330 

ft 

Jodhpur     . 

464 

ff 

Bombay 

.      331 

tf 

Kadapah 

.        .      467 

f» 

Bundi . 

.      331 

» 

Eamul 

.     .      467 

ft 

Burma 

.      331 

»» 

Kamaun 

.      467 

ff 

Burma  (Fppw) 

.      832 

»» 

Lohardaga  , 

.      469 

ff 

Central  Provinces 

.      328 

» 

Madras 

.      466 

ff 

Dharwar 

.       .      881 

H 

Manbhum  . 

468 

ff 

Hyderabad  • 

.      328 

»» 

Mirzapur    . 

.      462 

ff 

Jabalpur 

.      328 

If 

Nagpur 

.      461 

ff 

Madras 

.      327 

»» 

North- West  Pio^ 

rinoee      467 

ff 

Nilgiris 

.      327 

»» 

Pegu  .        . 

.      470 

ff 

Nagpur 

.      329 

»> 

Punjab 

.      466 

If 

Rajputana    . 

.      331 

t» 

Baipur 

.      460 

ff 

Rewah 

.      331 

»» 

Bajputana  . 

463 

ff 

Singbbnm    . 

.      828 

If 

Sambalpur  . 

.      460 

ff 

Tenasserim  . 

.      831 

>f 

Sind  . 

.      466 

f* 

Vizagapatam 

.      827 

f» 

Singhbhum 

.      469 

If 

Wun    . 

,        .      830 

» 

Tenasserim 

.      470 

Marble  (General  Remarks)     . 

466,  625 

ff 

Tricbinopoli 

.      466 

Meerschaum  (General  R*tmark« 

))      .      445 

»f 

TJdepur 

.      464 

Mercury  (General  Remarks)   . 

170,  607 

t$ 

Yindhyan  . 

.      462 

ff 

Aden 

172 

ff 

Wardha 

.      461 

ff 

Afghanistan    . 

.      170 

Lithograph] 

ic    stone   (General 

Be- 

ff 

Andaman  Islands 

.      171 

marks) 

666,  63S 

ff 

imports  . 

688—691 

Behar 

.      657 

ff 

Madras    . 

.      170 

ff 

Bellaty 

.      657 

Mica  (General  Remarks) . 

624,  631 

ft 

Bengal 

667 

ff 

Balaghat 

.      628 

f* 

„          Bombay 

.      669 

ff 

Behar   .        .        . 

.      627 

It 

Centra] 

Prov- 

ff 

Bengal . 

.      625 

inces 

.      668 

ff 

Bombay 

.      628 

ft 

„           Jesalmii 

.      668 

ft 

Central  Provinces 

628 

n 

Kaladgi 

.      669 

ff 

Gya 

.      627 

650 
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'  Mica,  Hazaribagti    . 

.      626 

Petroleum,  Jhilam    . 

.        .  .    128 

„    Madras  .... 

626 

» 

Kohat     . 

.       130 

„     Rewa  Kantha . 

.      628 

»t 

Eumann 

.       132 

„    Yizagapatam  . 

.      626 

ti 

Panjab   . 

126 

MUlstone  (General  Remarks)  .      669,  634 

M 

Pegu      , 

142 

„        Aehar      .        .        . 

660 

>» 

Prome     . 

147 

„        Bombay  . 

.      660 

»» 

Ramri     . 

140 

Catch      . 

.      660 

» 

Rawalpindi 

.      130 

imports   .                 .     680-683 

>» 

Round  Island 

142 

Kaladgi  . 

.      660 

» 

Shahpur 

127 

Molybdenum  (General  Remarks)    161,  606 

»> 

Singrowli 

126 

>f 

Thayetmyo     . 

147 

-      N. 

Platinum  (General  Remarks) 

A 

167,  607 

1  oo 

Nickel  (General  Remarks)       .      326.  616 

»» 

Assam 
Bombay  . 

168 
168 

t> 

Burma  (British) 

168 

O. 

»J 

Burma  (Upper) 

.       168 

Onyx,  Bee  Carnelian 

.      603 

ft 

Dharwar  . 
Madras 

168 
167 

P. 

tt 

Mysore    . 

167 

„ 

Punjab    . 

.       168 

Peat  (General  Remarks)  .        .      1 

20,  604 

>» 

Tenasserim 

168 

„    Assam     .... 

.      124 

Plumbago,  see  Graphite. 

„     Bengal    .... 

.      122 

Potstone, 

see  Talc. 

„    Burma    .... 

124 

Potassium  chloride  (General  Remarks)    601 

„    Kashmir 

.      123 

Potassium  nitrate,  see  Saltpetre               499 

„    Madras   .... 

.      120 

Pottery  clays  (General  Remarks)    661,  634 

„     Nepal 

124 

f> 

Arcot,  North 

563 

„     Nilgiris   .... 

.      120 

„ 

Arcot,  South 

.       562 

„     North-West  Provinces     . 

123 

>» 

Assam 

667 

„    Oudh       .... 

123 

,j 

Burdwan 

565 

„     Pertabgarh 

123 

>> 

Bengal 

564 

Petroleum  (General  Remarks)  .      1' 

^4,  605 

„ 

Bombay 

666 

„         Alwar     . 

125 

„ 

Burma 

567 

„         Arakan   . 

137 

>> 

Chingleput . 

.       663 

„         Assam     . 

132 

>f 

Colgong       . 

565 

„         Afghanistan   . 

126 

„ 

Darjiling    . 

566 

„         Balochistan     . 

126 

„ 

Delhi  . 

566 

„         Bannu     .... 

128 

>> 

Farrakhabad 

566 

„         Burma    .... 

137 

>» 

Madras 

562 

„         Burma  (Upper) 

148 

., 

Mangalore  . 

.       563 

„         Cachar    .... 

137 

„ 

Mysore 

563 

„         Oheduba 

141 

j> 

Orissa 

564 

Cutch      .... 

125 

>» 

Rajmahal    . 

564 

Flat  Island      . 

142 

>» 

Punjab 

666 

•„          Hazara    .... 

132 

»» 

Sind    . 

666 

„         imports   .         .         .68 

0—583 

>» 

Trichinopoli 

662 

„         Jaipur     .... 

136 

Precious  stones,  imports  . 

576 — 679 
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B. 

Keh  (General  Remarks)    . 
Rock  Crystal  (General  Remarks) 
„  Banna 

Burma 

Central  Provinces 
Godavari     . 
Gurgaon 
Hyderabad . 
Madras 
Man  . 
Punjab 
Sambalpur  . 
Tanjore 
Ruby  (General  Remarks) 
„     Biirma  (Upper) 
„     Mysore  . 
,,     Salem 
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496.  620 

602,  630 

.   603 

.   603 

.   603 

602 

503 
.  603 
.   602 

503 
.  503 
.   503 

602 

427.  622 

.   427 

.   427 

.   427 


Salt  (General  Remarks) 

„    Afghanistan 

„    Assam 

„    Banna 

„    Bengal 

„    Berar 

„    Bombay 

„     Burma 

„    Burma  (Upper) 

„    Chittagong 

„    Didwana  Lake 

„     Gurgaon  . 

,.     imports     . 

„    Kohat 

,.    North-West  Provinces 

„    Mandi 

„    Orissa 

»    Pegu 

„    Punjab     . 

„    Rajputana 

,,    Sait*range 

„     Sombhar  Lake 
Saltpetfe  (General  Remarks) 

„        imports 
Sandstone,  as  a  bailding  stone 
Sapphire  (General  Remarks) 
Serpentine  (General  Remarks) 


475.  627 
481 
491 
483 
477 
477 
481 
492 
492 
491 
480 
490 

676-579 
482 
491 
490 
477 
492 
482 
478 
484 
478 
499 

576—579 
540 

429,  622 

446,  624 


PAGE 

Serpentine,  Andaman  Islands    .  448 

Bengal   ....      447 

„  Burma    ....      447 

Kulu       ....      447 

Ladak     ....      447 

„         Madras  ....      447 

„         Punjab   ....      447 

Silica 502,  630 

Silver  (General  Remarks)  231,  611 

„     Ajmir 233 

„     Bengal 236 

„     Bombay.        .  .     234—236 

„  Bundelkhand ....  236 
„     Burma  (Upper)       .  234 

„     Central  Provinces  .  236 

„  Dharwar  ....  234 
„  Imports ....  584,  687 
„     Madras  .  .      233.  236 

»     Nepal 237 

„     North- West  Provinces    .  237 

„     Punjab 236 

„     Rajputana  233,  236 

„     Rewah 236 

Slate  (General  Remarks)  .        .      651,633 
„    Afghanistan    ....      553 

„    Alwar 553 

„    Bengal 552 

„    Berar 663 

„    Bombay 653 

„    Central  Provinces  .      563 

„    Chanda 653 

„  Cbindwara  ....  563 
„    Chutia  Nagpur        .  .      563 

„  Darjiling  ....  556 
„  Gurdaspur  ....  564 
„    Gurgaon  ....      654 

„    Kamul 651 

„  Kadapah  ....  561 
„    Kharakpor      ....      552 

„    Enmaan 564 

„    Madras 561 

„  Manbhom  ....  653 
„     Monghyr         ....      662 

„    Mysore 651 

„    Punjab 664 

„    Rajputana       ....      663 

„    Simla 664 

„    Singhbbum      ....      563 


052 
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Soapstone,  see  Talc. 

Sodium  carbonate  (Genl.  Rem.)  492,  629 
Berar  ...  493 
Buldana  .      493 

Central  India  .  495 
Madras  .  .  493 
Malwa  .      495 

Mysore  .  .  493 
North- West  Pro7.  495 
Ondh  ...  .496 
Salem ...      493 

Sodium  chloride,  see  Salt. 

Sodium  snlphate  (Genl.  Bem.)       496,  629 


Soils  (General  Remarks) 
Spinel  (General  Remarks) 
„     Afghanistan  . 
„     Badakshan 
„      Burma  (Upper) 
Steatite,  see  Talc      . 
Salphur  (General  Remarks) 

„       Afghanistan 

„       Balochistan 

„       Bannu 

„       Barren  Island 

„       Bombay 

„       Gh)davari  District 

„       imports 

„       Jaunsar 

„       Kashmir 

„       Kohat 

„       Kumaun 

„       Madras 

„       Nepal 

„       North- West  Provinces 
Punjab 

„       Simla 

„       Upper  Burma 

T. 

Talc  (General  Remarks)  . 
„     Afghanistan     . 
„     Behar       ... 
„     Bengal     .         .         .         . 
„     Berar       .         .         .         . 


.      671 

429,  623 

.      429 

430 

430 

.      439 

166,  606 

.      157 

.      157 

.      158 

.      161 

.      156 

.      156 

672—575 

.      160 

.      159 

.      157 

.      169 

.      156 

.      160 

.      159 

.      157 

.      159 

.      160 


439,  624 

444 

441 

.      Ul 

.      443 


Bhutan 445 

Bombay 444 

Burma 446 

Central  Provinces     .         .        .  443 
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Talc,  Chntia  Nagpur                         .  442 

„    Dbarwar         ....  444 

„    Gya 441 

„    Hyderabad      ....  441 

„    Manbhnm       ....  442 

„    Midnapnr        ....  441 

„    Mysore 440 

„    North- West  Provinces     .  445 

„    Orissa 441 

„    Bupor  (R^jpntana) .        .  443 

„     Riyputana       ....  443 

„    Ratnagiri        .                          .  444 
„    Salem  (Madras)  ...         .440 

„    Singhbhum      ....  442 

„    Wun 443 

Tin  (General  Remarks)    .        .      313,  616 

„    Amherst 317 

„    Burma 316 

„    Buster  (Central  Provinces)        .  316 

„    Dharwar  (Bombay)    .        .        .  315 

„    Guzerat 815 

„    Hazaribagh  (Bengal)         .        .  314 

„   imports     ....      688,  591 

„  Mergui      .        .        .      •  .        .  318 

Titenium  (General  Remarks)    .      323,  616 

„          Alwar  (Rajputena)  .        .  324 

Manbhum  (Bengal)  .        .  323 

Topaz  (General  Remarks)         .         .  530 

Trap,  as  a  building  stone                   .  638 

Turquoise  (General  Remarks)   .         .  436 

„        Ajmir      .        .        .         .  435 

V. 

Vivianite,  see  iron  phosphate. 

Vocabulary  of  native  terms               .  636 


Z. 

Zinc  (General  Remarks)  .  .  312,  615 
„    Afghanistan  .313 

„     Burma 313 

„  imports  ....  588 — 591 
„     Lahul  (Punjab)        ...       313 

„    Sirmur 313 

„    Udepur  (Rajputana)         .         .       312 

Zircon  (General  Remarks)  524 
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PART  n.-PLACES. 

[  In  this  MctioD  tome  Towel  accenu  art  {rtreii  to  IndiMtc  the  pronaneUtion  whan  likel j  to  be  mietaken ; 
truuiutentioii  ia  not  attempted.] 


A. 

Aden,  mercary 
Afghdniatdn,  alam   . 
antimony 
aiibestoa 
coal     . 
copper 
flint     . 
gold     . 
graphite 
gypsum 
iron     . 
lead    . 
limestone 
mercnry 
petroleum 
salt      . 
slate    . 
spinel 
'  sulphnr 
talc 
„  zinc 

A  jiu(r,  antimony 

„      barite 

„      beryl 

„       copper 

„      corundnm 

„      fuller's  earth 

„      iron 

,,      lead 

»,      limestone 

M      gold 

„       silver 

„      turquoise 
Alwar,  copper 

„       iron 

„       lead 

„       limestone 

„       manganese 

n       petroleum 

„       slate    . 

„       titanium 
Ambala,  gold  . 


PAGE 

.      172 

.      434 

.      164 

.      619 

96 

.      264 

.      516 

.      208 

64 

.      462 

.      402 

301,  302 

.      466 

.      170 

.      126 

.      481 

663 

429 

.      167 

444 

313 

.      164 

.      474 

.      621 

.      263 

426 

670 

.      396 

.      299 

464 

2f)4, 

.      233 

.      436 

.      269 

396 

.      301 

.      463 

.      331 

.      126 

663 

324 

.      212 


Amhiila,  coal  . 
Amherst,  tin    . 
Amraoti  manganese 
Andaman  Islands,  coal    . 
„  „        limestone 

„  „        mercury 

„  „        serpentine 

Arakan,  ooal    . 
„       copper 
„       gypsum 
„       limestone 
„       petroleum 
Aroot,  corundum 
„       iron 
„       pottery  clays 
Assam,  alum    . 
„      coal     . 
„       copper . 
„      gold      . 
„       iron 
„       lead      . 
„       limestone 
„       peat     . 
„       petroleum 
„       platinum 
„       pottery  clays 
„       salt      . 
Aumnga,  coal . 


B. 

Badakshin,  Lapis  Lazuli 

„        spinel 
Balagh&t,  gold 
n  iron 

„  „     ochre 

„  mica 

Balochistdn,  antimony 
„  coal     . 

„  copper 

gypsum 
M  lead     . 

„  limestone 


fAOE 
100 
317 
331 
118 
470 
171 
448 
111 
278 
464 
469 
137 
423 
360 
663 
436 
104 
276 
218 
412 
309 
469 
124 
132 
168 
667 
491 
86 


629 

430 

202 

383 

417 

628 

164 

96 

264 

462 

301,  302 

.      466 


654 


Baloohistan,  petroleum 

„  salphor 

Banda,  iron     . 
Bandar,  coal    . 
Bankura,  gold 
Baonii,  alum   . 

»      gold    . 

„      gjpsam 

„       iron    . 

„      petrolenm    . 

„      rock  crystal 

,,,     Bait     . 

„       sulphnr       • 
Bardw&n,  coal 

„  pottery  clays 
Barronga  Islands,  coal 
Barren  Island,  snlphar 
Bastar,  gold     . 

„      tin       . 
Beh&r,  alam    . 
„       iron  snlphate 
„      lithographic  stone 

„       mica    . 
„      millstone 

„  talc  . 
Belgaum,  gold 
Bellary,  coal  (psendo) 

„      copper 

,.      corundum 

„      diamond 

,.      gold 

„       iron 

„      lead 

„      lithographic  stone 
Bengal,  antimony 

„      apatite 

„      asbestos 

„      beryl 

„      bismuth 

„      carnelian,  &c. 

„      coal 

„      copper 

„      diamond 

„       corundum 

,,      fuller's  earth 
garnet 

,.      gold     . 

„      graphite 
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PAGE 

PAGE 

.        126 

Bengal,  iron     . 

362 

.      157 

„         „  ochre   . 

417 

.      393 

,,     jade 

.      617 

92 

„     lead 

.      286 

.      189 

„     limestone     . 

468 

434 

„      lithographic  stone 

667 

210 

„      manganele 

328 

462 

„     mica    . 

626 

404 

„      peat    . 

122 

.      128 

„      pottery  clays 

564 

.     603 

„     salt     . 

.      477 

.      483 

„     serpentine    . 

.      447 

168 

„     silver 

236,  238 

81 

„     slate 

.      652 

666 

„     talc      . 

441 

.      Ill 

„     tin       . 

314 

.      161 

„     titaniam 

323 

.      204 

Bep^,  iron 

.      351 

316 

Ber4r,  manganese 

330 

.      431 

„      salt 

477 

.      419 

„      slate 

.      663 

657 

„      sodinm  carbonate  . 

493 

.      527 

„      talc       .        .        . 

443 

.      660 

Beypnr,  see  Bepur. 

441 

Bh&galpdr,  c(^per    . 

244 

.      207 

„         fuller's  earth  . 

.      670 

69 

„         lead 

286 

.      241 

Bh%anwalla,  coal 

101 

423 

Bhandara,  gold 

201 

11 

„         iron 

.      383 

187 

Bhartpur,  copper 

260 

.      357 

Bhutan,  copper 

276 

.      285 

„       talc 

445 

.      557 

Bijawar,  iron 

.      394 

.      164 

Bikanir,  copper 

.      264 

.      455 

„      fuller's  earth 

.      670 

519 

Birbhiim  coal 

77 

521 

„        copper 

.      244 

.      163 

„        iron 

362 

.      605 

Bilaspur,  gold 

201 

76 

iron 

383 

244 

Bisrimpur,  coal 

88 

24 

Bolan  Pass,  coal 

96 

424 

Bok^ro,  coal     .         .         .        . 

83 

570 

Bombay,  carnelian,  &.c.     . 

.      506 

523 

„       oelestite 

474 

189 

„       copper 

264 

53 

„       flint 

.      614 
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Bombay,  fnller's  earth 

'       .     571 

Burma,  petroleum 

137 

gold 

204 

M         platinum     . 

.      168 

„        gypsum      . 

.      451 

„         pottery  clays 

,      667 

„       iron 

.      398 

„         rock  crystal 

603 

„          „   ochre 

.      418 

salt    . 

492 

„       lead 

.      301 

„         serpentine 

.      447 

„       limestone 

.      465 

„         silver 

237,  238 

„       lithographic  stone 

559 

talo    . 

446 

„       maoganese 

.      331 

„         tin      . 

.      316 

„       mica 

.      528 

„         zinc    . 

SIS 

„       millstone 

560 

„         (Upper)  amber 

.        .        67 

„       platinum 

.      168 

„            „         coal 

.      117 

„       pottery  clays 

.      566 

„            „         copper 

.      280 

„       salt     . 

481 

»            »         gold 

230 

„       silver 

234,  236 

„            „         iron 

.      416 

„       slate 

553 

»            »         jade 

.      518 

„       sulphur 

156 

lead 

310 

„       talc            .        .        . 

.444 

„            „         limestone 

470 

„       tin      . 

315 

„            „         manganese 

.      332 

Bonai,  gold      .        .        .        . 

195 

„            „         peat 

124 

Borneo,  antimony     . 

.      167 

„            „         petroleum 

.      148 

Buld&na,  sodium  carbonate 

.      493 

„            „         platinum 

168 

Bandelkhand,  copper 

258 

ruby      . 

.      427 

„            diamond  . 

39 

salt 

492 

„            iron 

.      393 

„           ,,         silver 

.      234 

lead 

298 

M            „         spinel 

.      430 

„            silver 

.      236 

„            „         sulphur 

160 

Bdndi,  copper 

.      264 

„      manganese 

.      331 

0. 

Burma,  alum 

435 

„      antimony 

166 

Cachar,  coal 

.      109 

„      arsenic 

162 

„       petroleum 

.      137 

„      beryl  . 

521 

Calcutta,  coal 

.       .       77 

„      bismuth 

163 

Central  India,  iron  . 

.      394 

„      coal     . 

.      Ill 

„          „       limestone 

.      463 

„      cobalt  . 

.      326 

„          „       sodium  carbonfti 

Le      .      495 

„     copper  . 

.      278 

Central  Provinces,  barite 

473 

„      corundum 

.      426 

„            „             camelian,  A 

5c.     .      506 

„      fire-clay 

.      569 

copper 

.      256 

„      garnet 

.      524 

„            „             corundum 

.      424 

„      gold      . 

228 

„            „            diamond 

30 

„      graphite 

56 

„            „            fluor  spar 

449 

„      gypsum 

454 

„            „             garnet 

.      623 

„      iron 

414 

gold   . 

199 

„          „    ochre 

.      418 

„            „            graphite 

63 

„      lead      . 

309 

„            M            iron    . 

.      381 

„      limestone 

.      469 

„            „             iron  ochre 

.      417 

„     manganese   . 

.      331 

lead 

.      296 

C56 
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Central  Provinces,  limestone 

lithographic 
„  „  maogaoese 

mica    . 
„  „  rock  crystal 

silver 
slate 
talc 
tin 
Chaita,  see  Chita. 
Chamarlang,  coal     . 
Ch4mil,  coal 
Ch&mpiirati  gold     . 
Ch&nda,  camelian,  &c. 
coal 
copper 
„         diamond     . 
gold 
iron 
„         iron  ochre 
slate 
Coimhatore,  beryl 
„  oorandnm 

iron      . 
„  limestone 

Colgong,  pottery  clays 
Cuddapah,  see  Kad^piih. 
Cutch  (Kach),  alum 
„      coal 
„      gypsum 
„      iron 
„      limestone 
„      millstone 
„      petroleum 
ChatJKgrtrlj   gold 
Cheduba  Island,  coal 

„         petroleum 
Cherra-punji,  coal 
Chit;b61i  otsal 
Chindwara,  slate 
Chingleput,  gypsum 
iron       . 
„  pottery  clays 

Chita  Pahar,  coal 
Chitaldnig,  iron 
Chittagong,  coal 
„  salt 

Chope,  coal 


stone 


PAGE 

460 
658 
328 
628 
603 
236 
663 
443 
316 

96 
100 
217 
606 

92 
267 

37 
202 
387 
418 
663 
620 
422 
348 
467 
666 

432 

95 
451 
401 
466 
660 
125 
200 
113 
141 
109 

93 
553 
451 
356 
663 
101 
355 
110 
491 

85 


Chnshmen,  ooal 
Chntia  N^dr,  asbestos 

„  „       camelian,  &c. 

„  „       copper     . 

„  „        diamond 

garnet 

„  „       gold 

„  ..       lead 

„  „       slate 

,,  „       talc 


Dafla  Hills,  ooal 
Darjiling,  coal 
copper 
gold 
„         graphite 
„         lead 
„         limestone 
„         pottery  clays 
„         slate 
Daltonganj,  ooal 
Damob,  gold 
Dand6t,  coal 
Daranggj'ri,  coal 
Darratig  gold 
Dc'lira,  gjpaum 
Df  llii  pottery  clays 
I>eoghar  wpper 
Dera  Ghazi  Khan,  antimony 

„  „         fuller's  earth 

Dewal,  coal 
Dharwar,  copper 
flint 
gold 
„        limestone 
„       manganese 
„        platinum 
„        silver 
Dharwar,  talc 

„       tin     . 
Didwana  Lake,  salt 
Disai,  coal 
Duars  (Western),  copper 

E. 

Extra-peninsular,  coal 


PAGE 

99 
619 
606 
246 

24 
623 
189 
290 
663 
442 


104 
103 
274 
217 

66 
308 
467 
666 
665 

87 
203 
100 
107 
222 
463 
666 
244 
166 
571 
100 
264 
514 
204 
466 
331 
168 
234 
444 
315 
480 
104 
276 


93 
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P. 

Farrukhabad,  pottery  clays 
Flat  Island,  petroleum     . 


GlngpAr,  gold 
Garhwil^asbestoe 
copper 
gold, 
gypium 
M         lead . 
„        limestone 
G&ro  Hills,  coal 
Ghdgds,  oosl 
God6vari,coal 

„       corondom 
„       diamond 
„       garnet 
„       iron 
„      rockoystal 
„       sulphur 
Qolconda,  diamond 
GAjr&t,  see  Qdzer&t 
Gdntur,  limestone 
Gurd^pdr,  slate 
Gnrgaon,  gold 

gfaphite 
iron  . 
„        rock  crystal 
„        salt, 
slate. 
Gdzer&t,  Umestone 

n       tin     . 
Gwilior,  iron  . 

„       limestone 
Gya,  mica 
«  talc 


Harigaon,  coal 
Hazftra,  antimony  . 

H       gold 

„       petroleum 
Haziurib&gh,  antimony 
apatite 


PAGE 

Me 

142 


IM 
619 
267 
216 
45^ 
808 
467 
106 

93 

71 
424 

Id 
622 
368 
602 
166 

16 

467 
664 
204 
64 
406 
603 
490 
664 
466 
316 
894 
463 
627 
441 


106 
166 
210 
132 
164 
466 
621 


Haz&ribagh,  copper 
„     garnet 


if 

gold      . 

n 

iron 

n 

lead     . 

n 

limestone     . 

n 

mica 

n 

tin 

Hienl&p,  coal 

Hengir  and  Raigarb,  coal 

Hoshangab&d»  lead  . 

Hutar,  coal 

. 

Hyderab^  (Haidrab&d), 

t» 

camelian 

M 

coal     . 

t* 

copper 

t> 

corundum    . 

»» 

garnet          • 

M 

gold     . 

M 

iron 

» 

manganese  . 

»» 

rock  crystal 

H 

talc     . 

antimony . 


I. 


Irea,ooal 
ItkdrifOoal 


J. 


Jabalp^f  camelian,  &c 
„       copper      . 
«      gold 
„      iron 
„      iron  oobre 
„      lead 
„      limestone 
„      manganese 
Jainti,  coal     „ 
Jaintia  Hills,  coal    . 

„      iron 
Jupdr  (Assam),  coal 

„  petroleum 

Jaipdr  (Rigpntana),  alum 

„  cobalt 

copper 

.    ganiet 


FAQB 

264 
623 
190 
876 
291 
469 
626 
814 
116 

89 
297 

86 
164 
606 

72 
244 
424 
622 
187 
868 
328 
603 
441 


87 
86 


606 
267 
203 
384 
417 
297 
460 
328 
78 
109 
412 
104 
136 
431 
824 
260 
623 


B  1 
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Jaipur  (Bajpatana),  limestone 

f»  iron  . 

Janji,  coal 
Jashpur,  gold 
Jaans^,  lead  . 

„        sulphur 
Jeriah,  see  Jharia. 
Jesalmir,  limestone 

„         lithographic  stone 
Jharia,  coal 
Jhilam,  gold    . 

„      iron    . 

„      petroleum    . 
Jhilmilli,  coal 
Jodhpur,  limestone  . 

K, 

Kadapah,  coal  (pseudo) 
„         copper 
„         diamond 
„         iron 
„         lead 
„         limestone 
„         slate 
Kadiir,  iron     . 
Kaira,  iron 
K^abkgh,  coal 
Kal&dgi.  gold  . 

„         lithographic  stone 
„        millstone 
Kamgaram,  coal 
Kdngra,  antimony 
gold  . 
„       iron   . 
Kan-ma-pyeng,  coal 
Karanpura,  coal 
Karharbari,  coal 
Eamul,  barite 
ceriam 
copper 
diamond 
ii-on 
lead 

limestone 
lithographic  stone 
slate     . 
Karali,  coal 
Kashmir,  antimony 


PAGE 

463 
396 
104 
196 
306 
160 

464 
568 

83 
211 
404 
128 

88 
464 


240 
9 
356 
281 
457 
551 
355 
399 
100 
207 
559 
560 

97 
166 
211 
404 
116 

84 

78 
473 
436 
240 

13 
356 
284 
467 
657 
651 
100 
165 


Kashmir,  borax 
copper 
»         gold 
»         peat 
„         sulphur 
Kattyw&r  (Kathiawar),  borax 
»  f$  gold 

M  „  iron 

Kharakpdr,  millstones 

„  slate 

Kh&si  Hills,  coal 
„         „    corundum 
»         »    gold      . 
„         „    iron 
Khewra,  coal    . 
Kholapur,  iron 
Kishei^rh,  garnet 
Eistna,  coal  (pseudo) 
„       corundua 
„       diamond 
„       graphite 
„       iron    . 
Eoh&t,  gypsum 
„       petroleum 
„       salt     . 
„       sulphur 
Korba  and  Udepdr,  ooal 
Kotki,  <x>al 
Kuln,  chromium 
„     copper    . 
„     gold 
„     iron 
„     lead 
„     serpentine 
Kumaun,  alum 
„        arsenic 
„        copper 
„        graphite 
gypsum 
„        iron 
lead 
„        limestone 
„        petroleum 
„        slate 
„        sulphur 
Kundit  Kuriah,  coal 
Kurhurbali,  see  Karharbari. 
Kutta,  coal 


PAGE 
498 
267 
212 
123 
159 
498 
206 
400 
660 
662 
107 
426 
227 
412 
101 
399 
623 

69 
424 

16 

63 
368 
462 
130 
482 
167 

89 

99 
334 
267 
211 
405 
3(i7 
447 
434 
162 
267 

64 
464 
406 
308 
467 
132 
554 
169 

78 

lOi^ 
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Madras,  rock  crystal 

502 

Lad&k,  serpentine    ....      447 

1,        serpentine  . 

.      447 

Lahul,  antimony 

„      zino      .... 

166 
313 

»        silver .        .        .       S 
,,        slate   . 

S33,  235,  238 
.      561 

La-ka-dong,  coal      .... 

109 

),        sodium  carbonate 

493 

Lakhanpdr  (Chntia  Nagpnr),  coal 

89 

»        sulphur 

156 

Lakhimplir  (Assam),  gold 

224 

„        talc     .        .        .        . 

440 

Lalatpiir,  iron 

394 

M^ura,  gold  . 

179 

Las,  copper 
Lenya  river,  coal 

264 
116 

„         iron   . 
Mah&nadi  Valley,  coal     . 

847 

89 

Loh4rdaga,  copper  . 

256 

Maingay's  Island,  lead     . 

.      309 

„         diamond 

24 

M&kum,coal  •        .        .        . 

104 

»         gold       . 

195 

Malabar,  coal  (pseado)      . 

68 

„         graphite 

53 

„         gold  : 

180 

u         iron       « 

376 

„         iron  . 

.      360 

.,         lead       . 

294 

M&lwa,  camelian,  &c. 

514 

„        limeetone 

459 

„       iron     . 

397 

M       sodium  carbonate         . 

496 

M. 

M&nbhiSm,  copper    • 

.      24a 

»         gold 

190 

Mach,coal 96 

„         iron 

.      373 

Madras,  antimony    . 

164 

„         lead 

.      290 

„      asbestos 

.      519 

„         limestone 

.      458 

„      barite 

.      473 

„         slate 

.      563 

„      beryl  . 

620 

„         talc 

.      442 

„      cerium        . 

.      436 

„         titanium 

.      320 

„      chrominm  . 

.      332 

Mandi  State,  bismuth 

.      163 

„      coal    . 

67 

„           iron    . 

.      406 

„      copper 

.      240 

„           salt     . 

.      490 

„      comndom  . 

.      422 

Mandla,  iron    . 

.      383 

ft      diamond     . 

9 

Mangalore,  pottery  clays  . 

663 

„      flint    . 

.      514 

Manipnr,  gold  . 

.        .      227 

„      garnet 

522 

Mao-beh-lyrkar,  ooal 

108 

„      graphite 

51 

Man,  lead       .        « 

.      304 

„      gold    . 

.        .      177 

„     rock  crystal   . 

603 

„      gypsum      . 

.      450 

Maulmain,  fire-clays 

669 

„      iron    . 

. .      .      346 

Mergni,  iron    .        . 

416 

„      iron  ochre   . 

.      417 

„        limestone    . 

470 

„      lead    .         . 

.      281 

„        tin      .        . 

318 

„      limestone   . 

.      466 

Midnap)lir,coal  (pseado)   . 

76 

„      lithographic  ston 

» 

.      567 

n         gold 

189 

„      magnesite  . 

.      438 

„        talo         .        .        . 

.      441 

„      manganese . 

.      327 

Mirzapdr,  iron 

.      393 

„      mercury 

.      170 

„       jade 

.      617 

„      mica    , 

.      626 

„        limestone 

462 

„      peat    . 

.       .      120 

Monghyr,  corandum 

424 

„      platinum     . 

.      167 

„        iron         • 

.      367 

„      pottery  claya 

562 

.,       lead         .       . 

.      290 

oou 
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Monghyr,  slate        ....      662 

North-We8tProTixiees,a]iim    . 

434 

Mop4ni,  coal   . 

91 

n                      n 

arsenic 

lfi2 

Moradab&d,  gold     . 

.      217 

»                       t* 

copper  . 

867 

Horne,  coal     . 

.        .        87 

n                       n 

gold      . 

216 

Mnllakliejl,  coal 

.        .        99 

n                      rt 

graphite 

64 

Honee,  Bee  Man. 

n                      M 

gypwun 

453 

Mysore,  antimony  . 

.      164 

f»                       n 

iron 

406 

„        asbestos 

.      519 

n                      «i 

lead      . 

308 

n        coal  (pseado) 

68 

M                                  M 

limestone 

467 

n        eonmdnm  • 

.      422 

peat      . 

123 

,f       gold    . 

.        ,      186 

t»                                  )* 

salt 

.      491 

N        iron 

.      352,  365 

»»                       n 

rilTer    . 

.      237 

M        platinum 

.        .      167 

i»                       »» 

slate     . 

664 

„        pottery  days 

.      663 

n                        n 

aodinm    car- 

w       mby   . 

.        ,      427 

bonate 

496 

„        slate  . 

.      651 

f»                        f» 

snlphmr 

169 

„        sodium  carbonate 

493 

f»                          n 

tale      . 

445 

•.        tale     .        . 

440 

Ndrpur,  ooal    . 

. 

100 

K£gpdr,gold  . 
„       limestone  . 

.      203 
461 

Oris8a,ooal 
„      gametj 
M      gold 

o. 

76 

.      622 

188 

„       manganese 
Karsingbptir,  copper 

329 
.      257 

„      pottery  clays 
„      salt 

664 
477 

„            iron    • 

N4ziia  (AKsam),  coal 
Nellore,  coal  (psendo) 

.      385 

104 

69 

„      talc       .        . 
Oudh,  peat 
„     sodium  carbonate 

441 
123 

405 

„        copper 

241 

„        garnet 

522 

p. 

„        gypsum 

451 

Palamow,  iron 

. 

376 

„        iron     . 

.      358 

PaluAd,  lead     . 

286 

Nepal,  alum    . 

435 

Fanch  MabM,  iron 

399 

„      bismuth 

163 

„      lead 

301 

„      cerium . 

.      436 

Panna,  diamond 

89 

„      cobalt   . 

325 

Paoni,  coal 

93 

„      copper  . 

272 

Panjab,  see  Punjab. 

M      gold      . 

217 

Papur,  coal 

93 

„      lead       . 

308 

Pegu,  coal 

114 

„      peat      . 

124 

„    iron 

114 

„      silver     . 

237 

„    limestone 

470 

„      sulphur 

160 

„    petroleum 

142 

Nicobar  Islands,  coa 

1 

119 

„    salt 

492 

Nila,  coal 

100 

Pencb,  coal 

92 

Nilgiri,  iron     . 

352 

Pei-tabgarb,  peat 

123 

„      manganese   . 

327   i 

Peshawar,  antimony 

166 

„      peat      . 

120 

gold 

210 

Nim&r,  iron 

397 

„          iron 

404 

North- West  Himalaj 

^as,  c 

[>al 

102 

Pid,  coal  . 

100 

Porto  Novo,  iron 
Prome,  petroleum 
Panj&b,  alum  . 

„  antimony 

„  asbestos 

„  barite . 

n  beryl  . 

„  bismuth 

„  celestite 

„  chromium 

„  coal    . 

„  copper 

„  epsomite 

M  fluor  spar 

„  fuller's  earth 

•f  gold   . 

H  gypsum 

n  iron    . 

„  lead    . 

M  limestone 

„  lithographic  stone 

„  petroleum 

,.  platinum 

„  pottery  clays 

„  rock  crystal 

„  salt    . 

,t  serpentbe 

„  silver . 

„  slate  . 

„  sulphur 

„  zinc   . 


Raigarh  and  Hengir,  coal 
Baiptir  (Chutia  Nagpur),  copper 

,t      fluor  spar 

•>     gold     . 

If     iron 

„     iron  ochro 

„     lead 

„      limestone 

„     lithographic  stone 
Bupur  (Rajputana),  talo . 
fi^mah&l,  camelian,  Ac. 
„         coal 

„         pottery  clays  . 
B4ip(it4na,alum 
II        antimony 
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349 

Ratput&na»  barite    . 

.      474 

147 

„         beryl       . 

.      621 

434 

1,          colMEdt     . 

.      324 

166 

„         copper    . 

.      269 

619 

„         fuller's  earth 

.      670 

474 

„         garnet    . 

.      623 

621 

11        gold 

204 

163 

„         iron 

.      395 

474 

„         lead 

".      299 

334 

„         limestone 

.      463 

98 

„         lithc^raphic  stone 

.      668 

266 

1,         manganese 

.      331 

437 

„         salt        .        . 

478 

449 

„         silver 

.      233,  236 

671 

„         slate 

.      663 

209 

„         talo 

.      443 

462 

,1         titanium 

.      323 

404 

„         zinc 

.      312 

303 

R&mgarh,  coal 

84 

466 

RAmpur,  coal  . 

89 

669 

R4mri  Island,  coal  . 

112 

126 

„            petroleum . 

140 

168 

R&nigai\j,  ooal 

81 

666 

I,         fire-clay    . 

668 

603 

If         iron 

368 

482 

Ratni^ri,  iron 

.      398 

447 

1,          talo         .        . 

.      444 

236 

B&walpindi,  gold     . 

.      210 

664 

II           petroleum    . 

.      130 

167 

Reora,  coal      .        . 

.      101 

313 

Bewah,  barite . 

.      473 

,1     coal     . 

88 

„     copper 

.      268 

„     corundum    . 

.      424 

89 
266 

M     fluorspar     . 
II     iron 

.      449 
.      393 

449 

u      lead     . 

.      298 

201 
383 

417 

„      lithographic  stone 

668 

1,      manganese  . 

.      331 

1,     silver 

.      236 

296 

Bewak^tha,  cameliani  Ao. 

.      606 

460 

n           iron    . 

.      399 

668 

H           mica  . 

628 

413 

606 
77 

Rongrenggiri,  ooal   . 

.        .      107 

Round  Islandi  petroleum 

.      142 

664 

S. 

431 

Sagar.gold     . 

203 

164 

S&hijori,  ooal  . 

78 

662 

INDEX : 

PLACES. 

PAGE 

PAGE 

Salem,  asbestos 

519 

Sind,  gypsam  .... 

451 

„      chromium 

.      332 

„   limestone 

466 

„      corundum 

422 

„    pottery  clays    . 

566 

„      gold 

.      179 

Singhbhum,  copper . 

246 

„      iron 

.      348 

„         gold     . 

192 

„      magnesite 

438 

„         limestone 

469 

„      ruby      . 

.      427 

„          manganese    . 

328 

„     sodium  carbonate  . 

.      493 

„         slate     . 

653 

„      talc        . 

440 

„          talc       .        .        . 

442 

Salt<range,  alum 

434. 

SingrowU,  coal 

88 

„    ,     oelestite 

474 

„        corundum 

424 

„         fuller's  earth  . 

.      671 

„        petroleom 

125 

gypsum 

452 

Siigdja  (Sargiya),  coal    .        .     87 

,88,89 

„          iron 

.      404 

„            „         lead    .        . 

294 

„         kieserite 

.      437 

Sirmtir,  copper 

266 

„         salt         .        . 

484 

„      iron    .        .        .        .     ■ 

406 

Sambalpilr,  diamond 

30 

„      lead    . 

806 

„          gold      . 

.      200 

tf      zinc     .... 

313 

„          graphite 

63 

Soh&gpnr,  coal 

88 

„          iron 

.      381 

Sone  Valley,  coal 

87 

„          lead 

295 

Sont&l  Parganas,  lead 

286 

„          limestone 

460 

Sowa  Eh&n,  coal 

166 

„          rock  crystal  . 

.      503 

Spiti,  antimony 

166 

8&mbhar  Lake,  salt 

.      478 

„     chromium 

334 

Sandoway,  coal 

.      113 

„     epsomite 

437 

S^ti,  cod 

93 

„     fluorspar 

449 

Satara,  iron 

398 

„     gypsum. 

453 

Satpora,  coal   . 

90 

Straits  Settlements,  antimony 

167 

S4wantw4ri,  iron 

.      399 

Sunglewa,  coal 

100 

Seoni,  gold 

203 

Surat,  iron       .... 

.       899 

Shahpur  (Punjab),  petroleum  . 

127 

Sylhet,  coal     .... 

109 

(C.P.)  or  Betul.coal 

92 

Shan  States,  lead     . 

.      310 

T. 

Shimoga,  iron 

.      355 

Sibsagar,  gold 

.      223 

Talchir,  coal    .... 

75 

Siju,  coal 

.      106 

Tanjore,  rock  crystal 

502 

Sikkim,  coal    . 

.      103 

Tatapani,  coal .... 

87 

„       copper. 

276 

Tenasserim,  antimony 

1C6 

gold    . 

.      217 

„          coal 

114 

„       iron  ochre 

418 

„         cobalt   . 

325 

Simla,  antimony 

.      166 

copper  . 

278 

„    copper  . 

266 

gold      . 

228 

„    lead 

.      304 

„          iron 

415 

„    slate 

554 

„          lead       .        .        . 

.       309 

„    sulphur  . 

.      159 

„         manganese     . 

331 

Sind,  alum 

433 

„         limestone 

470 

„      celestite . 

474 

„         platinum 

168 

„     coal 

95 

„         (Little)  river,  coal 

116 

„     fuUer's  earth  . 

.      671 

Thaietmio,  coal       .        .        .         . 

114 
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Thaiotmio,  petroleum 

.      147 

Udepur  (Rajputana),  limestone 

Thibet   gold     .... 

.      213 

n               ,t           zinc 

Tbimgadbun,  ooal    . 

.      117 

Ulwar,  see  Alwar. 

Thtoo-hte  Khjoung,  coal . 

.      115 

Umb,  see  Amb. 

Tinoevelly,  graphite 

.        53 

Umblay,  coal 

Tipperah,  gold         . 

.      228 

Upper  Godavari,  gold      . 

Toiingboji,  petroleum 

.      147 

Travancore,  gold 

.      178 

„           graphite 

51 

V. 

„           iron 

346 

Vizagapatam,  antimony  . 

Tributary  States  (Gbutia  Nagpur), 

iron    381 

»          garnet 

Trichinopoli,  copper 
„          flint     . 

.      240 
514 

»           graphite              , 

»»          iron    .        ,        .        , 

gypsum 

.      450 

,t          manganese 

„          iron     .        . 

.      347 

M          mica  .        •       .        . 

„          limestone     . 

.      466 

„          pottery  clays 

.      562 

Tsetama,  coal .... 

.      113 

W. 

Tsing  Koon,  ooal    . 

.      116 

Tumkur,  iron .... 

.      355 

Wardha,  ooal  . 

Turkistan,  jade 

.      517 

»       gold  .        .        .        .        , 

H       limestone  .        .        .        . 

Warora,  coal 

U. 

Wun,coal       .        .        .        .        [ 

Udaipur,  see  Udepnr. 

„   manganese      .        .        .        , 

Udepur  (Cbatia  Nagpur),  and 

f,    talc 

Korba  coal     80 

Wam^  (Wynaad),  gold  . 

»        (  »            »        )  gold 

.      198 

„      (Rajputana),  copper     . 

.      263 

i>                n            garnet  . 

524 

Y. 

fi               f»           iron 

.      396 

Yenan-doung,  petroleum          , 

n              »           lead 

.      301 

Yenan-gyoung,  petroleum 
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